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Abstract 
The effect of changing the conceptual context on task performance was examined. The 
aim was to evaluate whether power functions that describe improvement on old skills 
during practice can be used to predict further improvement on these skills when they are 
presented in a novel environment. This research was designed to extend Speelman and 
Kirsner's (under review) study, which involved testing the assumption made by many 
skill theories: that performance should continue to improve as if a change in task 
conditions had no effect. Eighty participants were randomly allocated to one of four 
distractor conditions: Operand Change (e.g., 2 x 9 = _), Operand Reversal 
(e.g., 2 x 6 = _), Operation Change (e.g., 6 x _ = 12), and Symbol Change 
(e.g., 12 + 6 = _), which were designed to vary the amount of conceptual change on a 
test task. The test items were single-digit multiplication problems from the six-times 
table ( e.g., 6 x 2 = _). Participants repeatedly solved items from the test task during the 
training phase, and then solved the same task combined with items from a distractor 
condition during the transfer phase. The results revealed that a change in the conceptual 
context disrupted immediate transfer performance on the test task in the Operation 
Change and Symbol Change conditions by slowing response time. A further analysis 
indicated that performance on the test task remained disrupted for the Operation Change 
condition, but returned to predicted levels for the Symbol Change condition. It also 
revealed that performance in the Operand Change condition was disrupted, with 
performance failing to improve with any further practice. No disruption occurred in the 
Operand Reversal condition. Accuracy levels remained consistently high and were not 
influenced by a change in task conditions. These results support Speelman and Kirsner's 
findings that a change in the presentation context of a task affects response time 
performance on an established skill, and that power law extrapolations cannot be used 
to reliably predict transfer performance. These results have implications on skill 
acquisition and transfer theories that have not accounted for this effect in their transfer 
predictions. 
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Introduction 
The extent to which skills learned in one domain can be applied to another has 
been a major source of psychological enquiry, with a wide range of theories being 
developed as a consequence. One feature that is common to all models of skill 
acquisition and transfer is the assumption that performance of an established skill in a 
new domain will continue to improve at the same rate with practice as if a change in the 
task conditions had no effect (Speelman & Kirsner, under review). However, research 
by Speelman and Kii'sner (under review) has found that a change to the context in which 
a task is presented affects the transfer process by influencing performance on a new 
task. Such an influence has implications for theories that have not accounted for this 
effect. The aim of the present research was to extend Speelman and Kirsner's study by 
further examining the nature of this effect. Specifically, this research sought to 
determine the extent to which a change in the conceptual context of an established task 
affects later performance on that task. In order to demonstrate that a change in the 
conceptual environment may be a problem for current transfer theories, some of the 
critical features of skill acquisition and transfer are reviewed in the following sections. 
Power Law of Learning 
Current skill performance theories have been developed to explain power 
function learning reported by Newell and Rosenbloom (1981). The power function 
describes the characteristic way in which task performance improves with practice. It 
predicts substantial performance improvements in terms of response time and accuracy 
during the early stages of practice, with progressively less improvement in the latter 
stages. In mathematical terms, the pattern of improvement is described by a power 
function of the form: 
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RT=a+b? 
where RT represents response time, a represents the asymptotic latency; b represents the 
performance time on the first trial; P represents the number of practice trials; and c 
represents the learning rate (generally-I < c < 0) . Figure 1 illustrates the typical trend 
of power function learning. 
Amount of Practice 
Figure 1. A representation of the power function learning. 
With practice, performance generally improves until an asymptotic level is 
reached (illustrated in Figure 1 ). The asymptote is an important feature of the power 
function, as it represents the theoretical minimum level of performance that is limited 
either by cognitive, mechanical, or measurement factors (e.g., Anderson, 1982; Logan, 
1992; Newell & Rosenbloom, 1981). Although it is often considered that no further 
improvement in skill performance occurs when the asymptote is reached because no 
further learning occurs, these assumptions are not necessarily accurate. Logan (1982) 
argues that measuring instruments may simply lack the sensitivity to detect any further 
improvements that may be achieved with further practice. 
Power function speedup has been found to occur at different levels of 
complexity and across various task domains. Examples include fact retrieval, sentence 
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repetition, geometry proof solutions, evaluation of logic circuits, and cigar rolling 
(Newell & Rosenbloom, 1981; Rickard, 1997). Indeed, support for power function 
learning is so strong that it is often regarded as one of the few laws of psychology and 
an important empirical constraint that has influenced the development of many skill 
acquisition theories ( e.g., Anderson, 1993; Anderson, Fincham, & Douglass, 1999; 
Frensch, 1991; Logan, 1988; Newell & Rosenbloom, 1981; Palmeri, 1997b; Rickard, 
1999; Speelman & Kirsner, under review). 
Recent work by Heathcote, Brown, and Mewhort (2000) indicates that the power 
law function might be an artefact of averaged performance data and not a true reflection 
of individual performance. They claimed that averaging performance data across 
participants conceals the true nature of practice on performance because it does not 
account for individual variation (i.e., a participant's relative learning rate) in the 
execution of tasks. While Heathcote et al. 's (2000) findings may have implications for 
studies that seek to explain individual task performance, the present study is based on 
the averaged performance data of participants across trials. As such, the conclusions 
made by Heathcote et al. do not have an impact on this research. 
Skill Acquisition and Development 
Skills are acquired through a process of learning. This process is demonstrated 
by one of the dominant models in the area of skill acquisition developed by Fitts and 
Posner (1967). They proposed that the process of acquiring skills involves extensive 
practice and has three distinct phases: cognitive, associative, and autonomous. In the 
cognitive phase, performance relies on explicit knowledge and is typically fact-based. 
This explicit knowledge can be acquired through demonstration, analogy, or the specific 
study of task requirements. This phase describes the performance of a novice who is 
first learning a task; performance is slow and error-prone, and there is a strong demand 
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on attentional resources. The initial points on the curve of the learning power function 
represent performance at this stage (illustrated in Figure 1 ). In the associative phase 
performance is refined; learned strategies are strengthened, and inappropriate features 
are weakened. This phase is represented by the steep decline on the learning curve 
(illustrated in Figure 1 ). The autonomous phase brings about automatic performance 
that is less subject to cognitive control or external interference. That is, performance in 
this phase requires less processing, allowing attentional resources to be devoted to other 
activities. This final phase best describes skilled performance, and is represented by the 
asymptotic level on the learning curve (illustrated in Figure 1). Fitts and Posner's 
description of skill acquisition proposes that practicing a task results in a gradual 
transition from conscious and deliberate processing to unconscious and automatic 
processing that can be described by the power law of learning. 
Controlled and Automatic Processing 
Shiffrin and Schneider (1977) have supported Fitts and Posner's (1967) theory 
through research that describes task performance in terms of controlled and automatic 
processing. Shiffrin and Schneider distinguish between controlled and automatic 
processing through the degree of attention that both require. Specifically, controlled 
processing is considered to require the allocation of attentional resources, whereas 
automatic processing is capacity free. 
Controlled processing involves conscious control and, as such, task performance 
is slow, effortful, and resource intensive. Novices typically employ controlled 
processing strategies when learning new skills. The change in emphasis from controlled 
to automatic processing is related to the development of more efficient processing 
strategies acquired through practice (Anderson, 1993; Logan, 1988; Newell & 
Rosenbloom, 1981 ). Since these efficient strategies require less cognitive resources to 
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be applied to performing a task, attentional resources can be diverted to non-automatic 
cognitive processes. The re-direction of attentional resources leads to the further 
development of these non-automatic areas. Through this process, skill performance 
becomes fast and effortless-that is, automatic. Because less attention is devoted to the 
task, it is considered that automatic performance is often difficult to modify once 
initiated, it is stereotypic, and not subject to interference by other cognitive processes 
(Anderson, 1992; Fitts & Posner, 1967; Logan, 1985; Newell & Rosenbloom, 1981). 
To understand skilled performance as merely a distinction between controlled 
and automatic processing is problematic. If automatic processing is entirely capacity 
free and does not require conscious control, then performance on an automatic task that 
is executed concurrently with another task should not be affected (Shiffrin & Schneider, 
1977). However, there is evidence to indicate that processing other tasks can interfere 
with performance on an automatic task ( e.g., Cheng, 1985). There is also evidence to 
suggest that controlled processes are necessary to identify and respond to the specific 
requirements of the task, regardless of the extent to which automaticity may have been 
established (Gopher, Armony, & Greenshpan, 2000). Thus, automatic performance must 
be moderated to some extent by the allocation of attentional resources and conscious 
control (Anderson, 1995; Cheng, 1985; Gopher et al., 2000; Logan, 1992). This 
indicates that skilled performance may not simply be a unidirectional transition from 
controlled processing to automatic processing but rather a cyclic progression, with 
automatic and controlled processes regularly alternating with each other during task 
performance (Gopher et al., 2000). It is therefore probably more appropriate to think of 
skilled performance as automatic to a degree rather as either controlled or automatic 
(Anderson, 1995). 
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There is little dispute that automatic performance develops from extensive task 
practice (e.g., Anderson, 1993; Fitts & Posner, 1967; Logan, 1988; Shiffrin & 
Schneider, 1977). While the exact amount of task practice required to reach automatic 
performance is unknown, it has been considered to take hundreds of practice trials 
(Anderson, 1992). However, Logan and Klapp (1991) argue that extensive practice is 
not a prerequisite for achieving automaticity. They suggest that automatic performance 
is a function of the amount of information stored in memory related to the task, and 
could be achieved relatively quickly if there was little new information that had to be 
learned. 
The development of automatic performance requires a consistent task 
environment as well as well-practiced and regular routines (Carlson & Lundy, 1992; 
Carlson & Shin, 1996; Gopher et al., 2000). Task conditions must be such that there is a 
consistent m�P£!ng between the task stimulus and the appropriate response (Anderson, 
1987). Hence, the progression from controlled to automatic performance is not simply 
facilitated by the amount of task practice, but relies on a combination of sufficient 
knowledge of the task, and a consistency in the task conditions (Carlson & Lundy, 
1992; Gopher et al., 2000; Shiffrin & Schneider, 1977). 
In summary, the shift from controlled to automatic processing leads to 
improved, and thus skilled, performance. As such, any discussion of improved and 
skilled performance generally takes place in the context of the processes that facilitate 
automatic performance (see, for example, Fitts & Posner, 1967; Logan, 1985). The 
research also suggests that the progression from controlled to automatic processing is 
largely moderated by the context in which the task is performed, such that practice 
under consistent conditions facilitates a change in the way that the task is attended to 
( e.g., Carlson & Lundy, 1992; Carlson & Shin, 1996). This also allows the development 
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of more efficient processing strategies that, in turn, improve overall performance in an 
iterative manner. Ultimately, the part that context plays in skill acquisition moves from 
one of facilitating skill development and efficient processing to one where it dictates 
when an acquired skill will be employed. People are able to engage in other, often 
parallel, activities by using controlled processing to identify and apply developed skills 
in response to appropriate situations. The degree to which these developed skills can be 
applied to other domains has been the subject of much inquiry and debate (e.g., 
Anderson, 1993; Doane, Sohn, & Schreiber, 1999; Logan, 1988; Rickard, Healy, & 
Bourne, 1994; Palmeri, 1997a, 1997b; Speelman & Kirsner, under review). The 
following sections review some of the major theories that have emerged as a result of 
these investigations. 
Skill Transfer 
Studies seeking to determine the extent to which a skill can be transferred from 
one task to another have generally tested their predictions and hypotheses using the 
power law of learning (e.g., Anderson, 1993; Logan, 1988; Palmeri, 1999; Rickard, 
1997; Speelman & Kirsner, under review). Extrapolations of the training function allow 
the difference between the observed and predicted performance to be assessed, and 
provides an indication as to the degree to which a transfer prediction has been 
supported. 
The type of knowledge learned during task practice moderates transfer 
predictions. As such, it is important to consider the type of knowledge that is acquired. 
Dominating the literature are two opposing accounts: those that claim skilled 
performance involves the acquisition of item-specific knowledge (e.g., Logan, 1988), 
and those that propose skilled performance involves the development of item-general 
knowledge (e.g., Anderson, 1993). The item-specific account assumes that skills are 
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highly particular to the events experienced during training. This account assumes that 
skill acquisition is a result of the connections between a specific stimulus and its 
response being strengthened by accumulated exposure to the stimulus contained in the 
experienced event. Thus, skill transfer to novel stimuli and situations should be poor 
(Logan, 1988). Skill transfer would only be supported to the extent that the stimulus 
encountered in the new task was identical to the stimulus experienced in the practiced 
task. 
In contrast, item-general knowledge is a combination of both item-specific 
knowledge and general processing knowledge (Anderson, 1993; Speelman & Kirsner, 
1997). Item-general accounts assume that skills can be applied to situations not 
previously encountered through practice. That is, they are not bound to a particular 
stimulus performed during training, but rather are a consequence of a strategic 
processing skill acquired from exposure to the stimuli (Doane et al., 1999). When 
practice at one task facilitates performance on a similar task, the skills originally 
acquired during practice are described as item-general because they apply beyond the 
domain in which they were learned (Anderson, 1982, 1993). As such, skill transfer to 
novel situations under this account would occur to the extent that the new domain 
contained features and processing strategies similar to those of the practiced task. 
Other research has proposed a factor that is common to item-specific and item­
general theories (e.g., Muller, 1999; Speelman & Kirsner, 1997, under review; Woltz, 
Bell, Kyllonen, & Gardner, 1996). These studies show that the context in which a skill 
is acquired moderates transfer performance. Thus, predictions will vary depending on 
which theory is employed to describe transfer, but will be further complicated by 
contextual considerations. To explore the complications associated with transfer 
predictions, specific examples of item-specific and item-general theories of skill 
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acquisition and transfer are reviewed, followed by consideration of context effects on 
transfer performance. 
Item-Specific Theories 
Sidi/ acquisition. Item-specific accounts of skill performance are best 
represented by Logan's Instance Theory of Automaticity (1985, 1988). This theory has 
three assumptions: obligatory encoding, which assumes that encoding into memory is 
an obligatory and unavoidable consequence of attending to a stimulus; obligatory 
retrieval, which assumes that retrieval from memory is an obligatory and unavoidable 
consequence of attention; and instance representation, which assumes that each 
experience with a stimulus is encoded, stored, and represented separately in memory as 
an instance. 
According to Logan's (1985, 1988) Instance theory, task performance relies on 
two mechanisms: an algorithmic response to the solution, or the retrieval of past 
solutiops from memory. Initial task performance requires the execution of an algorithm. 
Each time the algorithm is performed successfully, the event is represented in memory 
as a separately stored record known as an instance. With additional practice the number 
of instances related to the task increases. In subsequent encounters with the task, these 
instances compete against each other as well as the algorithm, with the first to win the 
race driving the response. While the speed at which the algorithm is applied remains 
constant, instance retrieval becomes faster because an increase in the number of 
instances stored in memory increases the probability that one of them will win the race 
over the algorithm. Practice results in responses being determined entirely by direct 
memory retrieval, which also signals the development of automatic performance 
(Logan, 1988; Palmeri, 1999). Logan contends that non-automatic performance is 
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simply a lack of knowledge, rather than being due to limitations on attentional 
resources, as has been proposed by other theorists (e.g., Anderson, 1993). 
Skill transfer. The fundamental premise of the item-specific theory is that 
performance is based on the retrieval from memory of a specific response to a specific 
stimulus (Logan, 1988; Palmeri, 1997b; Rickard, 1999). Thus, skill transfer is 
considered stimulus-specific. However, a feature of the original Instance theory was that 
the instance had to be retrieved in its entirety, which meant that transfer would only 
occur between identical tasks. When encountering a new task, given that no instances 
existed in memory, performance required the application of an algorithm and 
performance would return to prior practice levels. The original Instance theory rested on 
the assumption that no transfer would occur between tasks where the performance 
conditions had been altered, regardless of the degree of similarity between them. 
However, contradictory evidence prompted later elaborations of the Instance theory 
(Palmeri, 1997a; Rickard, 1997; Wenger, 1999). These studies found that skill transfer 
occurred on a novel task to the extent that it contained stimuli that were similar to the 
practiced task. Logan modified his theory in response to this research to allow for 
similarity-based retrieval, and began referring to instances as propositional 
representations (Logan, Taylor, & Etherton, 1996). An instance is now recognised as 
containing several parts of a memory representation that can be separately accessed and 
differentially expressed. Logan reported that this was the first time "we have drawn a 
sharp distinction between different parts of an instance and proposed that different parts 
might be retrieved at different times" (Logan et al., 1996, p. 636). Consequently, this 
later versioµ of the Instance theory allows for partial transfer, since components of a 
task are stored as a set of separate memory representations, rather than as a complete 
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problem and solution (Logan et al., 1996; Palmeri, 1997b ). This means that parts of an 
instance can be transferred across to a novel task. 
Wenger (1999) further claimed that the inclusion of this propositional account in 
the Instance theory suggests that transfer should be supported to the extent that the 
stimulus preserves the ''wholeness" of the originally encoded information. Where a 
stimulus violates this wholeness, or if it exceeds the limits of the propositional 
representation, limited or zero transfer would be expected. Logan (1988, 1992; Logan et 
al., 1996) extended this assumption by claiming that what is expressed in a retrieved 
instance is moderated by attentional selection: not all information is necessarily 
encoded, and neither is all encoded information necessarily retrieved. But in order for 
information to be retrieved, it must have been attended to. Thus, attentional cues serve 
to prompt people to attend to particular parts of a problem. Consequently, an instance 
representation is influenced by the degree of attention paid to the components of the 
stimulus at the time of encoding. These attentional aspects will also affect the 
representation of the retrieved information, as they influence which parts of the instance 
will be accessed and expressed during task performance (Logan, 1992; Logan et al., 
1996). 
Item-specific accounts suggest that components of an instance can be retrieved 
separately depending on the attentional properties of the instance and the propositional 
relationship between the task stimulus and the response. Therefore, transfer to novel 
tasks would be a function of the amount of attention given to the task at the time of 
encoding, and the propositional relationship between the stored information and the new 
task. It will also depend on the degree to which the transfer task retains the ''wholeness" 
of the original task. However, features such as colour and shape do not affect the 
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retrieval of an instance unless they have been specifically cued in the task (Logan et al., 
1 996; Palmeri, 1 997b; Wenger, 1999). 
The degree of transfer should be a function of the amount of similarity between 
the stimuli of the original task and the novel task. Since skill transfer described by 
Logan's (1985, 1988) model is item-specific, transfer to a new task will only occur to 
the extent that the transfer task contains at least some of the stimuli of the event 
encountered during practice. If completely novel stimuli are encountered, then there 
should be zero transfer. That is, performance should return to a level similar to that 
experienced during initial practice, as it will rely on algorithmic strategies to execute the 
task. 
Item-General Theories 
Sidi/ acquisition. Item-general theories are best represented by Anderson's 
(1982, 19 87, 1992, 1993) ACT-R theory (formerly ACT*). This theory describes skill 
acquisition as a sequence of qualitative changes to the structure of skill knowledge that 
occurs with task practice. According to this theory, when a task is first encountered, 
performance relies on declarative knowledge such as the explicit instructions on how to 
perform a task, or by applying an analogy from a previous related experience. With 
practice, performance begins to shift from relying on declarative knowledge to 
procedural knowledge that can then be applied to other similar or related tasks. By 
possessing both declarative and procedural knowledge, flexible performance is possible 
as well as efficient processing. 
The ACT-R theory describes skill acquisition as a three-stage process 
(Anderson, 1993) that loosely corresponds to each phase in Fitts and Posner's (1967) 
model of skill acquisition. Where the cognitive stage of Fitts and Posner's theory 
describes performance as typically rule-based explicit knowledge, the ACT-R theory 
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explains the underlying process as the use of weak problem-solving methods (Anderson, 
1987). This involves the application of an operator known as a production rule. These 
rules are represented as "if . . .  then" statements or "condition-action" pairs. A production 
rule transforms the current problem state into an action solution by operating on the 
facts stored in declarative memory----such as explicit task-related instructions or an 
analogy applied to a previous experience (Anderson, 1987, 1993). Performance in this 
stage is generally slow and error-prone because information must be held active in 
working memory in order to make inferences and adaptations of the existing knowledge 
to the new experience. 
Fitts and Posner's ( 1967) associative stage is explained by the ACT-R theory's 
compilation process. This process describes the compilation of declarative knowledge 
into production rules that are stored in procedural memory (Anderson, 1993). Pairs of 
consecutively performed productions that share the same goal are then collapsed into a 
single production rule during what is termed the compositional process. A condition of 
this process, however, is that these productions must share the same goal for them to be 
composed into a single production. The result of this compositional process is a new 
production that performs the same function as the previous set of productions. However, 
since this new production contains fewer steps, performance is faster. 
Although a compositional process still exists in ACT-R, it has been de­
emphasised from the status that it held in previous versions of the ACT theory 
(Anderson, 1993). Anderson now refers to composition as multi-step transformations 
(Anderson, 1993) or step-skipping (Blessing & Anderson, 1996). Performance at the 
compilation stage of the ACT-R model is based on a competition between the collapsed 
production and an analogy to a prior experience. The actual response is a function of the 
strength of the production rule and the strength of the activation of the analogy. With 
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practice, the production rule gains enough strength that it replaces the analogy 
altogether (Blessing & Anderson, 1996). 
The autonomous stage of Fitts and Posner's (1967) theory is explained by the 
ACT-R theory's strengthening process. This is where productions are further 
strengthened (i.e., learning continues) through practice (Anderson, 1993). With each 
successful application, production rules accumulate strength---the stronger a production 
is, the faster it will be retrieved and executed (Anderson, 1992). Eventually, 
performance becomes automatic, resulting in quick responses. The strength of a 
production rule determines whether it will be applied ahead of the analogy, and how 
rapidly it will be applied. According to Anderson (1992), the "most important construct 
[of ACT-R] is the build-up of strength of a production rule . . .  we may say that a 
production is automatic to the degree that it is strong" (p. 170). Thus, a production rule 
is critical in explaining power function speed-up (i.e., performance improvement) under 
the ACT-R theory (Anderson, 1987). Performance improves through a process of 
refining and strengthening of productions. Anderson ( 1982) has demonstrated that the 
three stages contained in his ACT-R theory can account for the power law of learning. 
SkUI Transfer. The main assumption of the ACT-R theory is that productions 
form the units of knowledge underlying skill acquisition (Anderson, 1987). However, 
the principle of use-specificity exists within the ACT-R framework (Anderson, 1993). 
This refers to the restrictions placed on the internal representation of an acquired skill 
(i.e., a production) such that it cannot be used on a new task that requires that same 
information, but applied in a different context (Muller, 1999). According to the 
principle of use-specificity, procedural knowledge is embedded in production rules. 
This means that access to information contained in a production is asymmetrical, in that 
they are faster in the practiced direction than the non-practiced direction (Anderson et 
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al., 1999; Muller, 1999). That is, the goal and conditions (i.e., the "if' part of the 
statement) can trigger an action (i.e., the "then" part of the statement), but the action 
cannot trigger the corresponding goal or conditions (Muller, 1999). Therefore, when the 
goals or conditions of the task change, access to the information contained in the 
production rule is restricted. Consequently, transfer between a task that involves the 
same conceptual knowledge, but requires a different or non-practiced use of that 
knowledge, is limited to the slow and error-prone application of a general problem­
solving method such as an analogy (Muller, 1999). These analogies are stored in chunks 
in declarative memory and are not restricted by asymmetrical access (Anderson et al., 
1999). 
An important feature of the ACT-R theory is that knowledge composition (i.e., 
multi-step transformations or step-skipping) does not eliminate the original production 
rules. This knowledge remains available as alternative bases for performing the task 
(Anderson, 1992). However, because of its nature, task performance based upon this 
knowledge is less effective than performance based on the practiced composed 
knowledge. 
Transfer under ACT-R is determined by the extent to which the productions 
developed in one task context can be used in another task context (Anderson, 1993). 
Transfer performance reflects the principle of use-specificity (i.e., asymmetrical access) 
in that it is moderated by the sequencing order of procedural knowledge between the old 
task and the novel task. That is, if the performance goal and task conditions at transfer 
are different to the goal and conditions at practice, transfer performance will be limited. 
Transfer is also moderated by the degree to which performance of the novel task can be 
achieved with the same productions in the old task. The amount of transfer between the 
two tasks is proportional to the amount of overlapping of shared productions. For 
Effect of Conceptual Context on Skill Transfer 16 
example, a total overlap of production rules between the two tasks would result in 
complete transfer, whereas no overlap would result in zero transfer (Anderson, 1987). 
Context Effects and Conceptual Development 
The influence of contextual factors on skill acquisition and transfer has recently 
emerged as an important factor moderating performance (Reder & Klatzky, 1994). The 
context in which a task is practiced is now seen as a factor that affects skill acquisition, 
development, and application since people use the context as a frame of reference 
against which they assess requirements and make task-related decisions (Carlson & 
Shin, 1996; Muller, 1999; Reder & Klatzky, 1994). This is illustrated in a study by 
Carlson and Lundy (1992) where they found that practice in a consistent environment 
better enabled people to learn and become proficient at a task because it allowed them 
to use previously encountered stimuli as cues to guide their responses. 
The influence of contextual cues on performance is further supported by 
Johnson-Laird, Legrenzi, and Legrenzi (1972). Their studies found that people 
performed better at tasks when the task was related to a previous learning context. They 
found that when people were required to complete tasks (e.g., Wason's selection task) in 
a context that was completely foreign to them, their performance was poor. However, 
when the same task requirements were applied in a familiar context, performance 
improved. These studies concluded that the difference in performance between the 
foreign task and the familiar task resulted from people relying on a familiar context in 
which to apply the requirements of the current task. Their findings suggested that skill 
transfer is highly context-specific. 
The task environment facilitates the transfer of skills, since people use the 
context as a cue to identify the information that can be used to initiate their actions in 
different domains (Millier, 1999; Reder & Klatzky, 1994). This suggests that skill 
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transfer is moderated by the conceptual representation influenced by the features of the 
task rather than being just a response to the discrete characteristics of the task (Muller, 
1999; Woltz et al., 1996). As such, the context in which a skill is learned is an important 
consideration in skill transfer predictions because the conceptual cues that it provides 
aids performance on a novel task. The implication of a change in context on skill 
transfer theories has been demonstrated in a study by Speelman and Kirnser (under 
review), and is reviewed in the following section. 
A Challenge to Theories of Skill Acquisition and Transfer 
A study by Speelman and Kirsner (under review) found evidence of transfer 
performance that contradicted the expectations of item-specific and item-general 
accounts of skill performance. The impetus for their study was to investigate the degree 
to which the context in which a skill was acquired influenced transfer performance. 
They evaluated an assumption implicit in many skill performance theories, which is that 
if old skills can be executed in the context of new tasks, they will continue to improve 
as if the change in stimulus conditions had no effect on performance. That is, a 
performance pattern based on the power function established during training should 
follow the same performance pattern during transfer. Thus, many skill performance 
theories, and indeed item-specific and item-general accounts, would predict that transfer 
performance should continue to improve according to the power curve that described 
training performance (e.g., Anderson, 1 993; Logan, 1988). 
Speelman and Kirsner's (under review) study involved a water analysis task that 
required simple calculations to be performed to assess water purity. The structure of the 
task was such that each of the components could be performed independently of the 
other. The task components were arranged sequentially so that when a component was 
completed, another component of the task would appear. Their first experiment 
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involved two versions of the task. One version contained three components requiring 
three simple arithmetic calculations, while the second version contained the same 
components as the first version, and included two additional components, thus requiring 
a total of five simple arithmetic calculations. These two versions of the tasks are 
presented in Figure 2. 
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Figure 2. Speelman and Kirsner's three component task (version one) and five 
component task (version two). 
Speelman and Kirsner (under review) trained participants with one task (i.e., 
version one) and then presented participants with the transfer task (i.e., version two). 
Despite the overall task in the transfer phase appearing more complex, the components 
of the task involved discrete units, where the old components could be performed 
entirely separate to the new components. In addition, the sequence for completing the 
entire task was such that the old task components had to be performed before the new 
task components. Therefore, according to current skill performance theories, there 
should have been complete transfer of the old components to the new task. It should 
have also been possible to predict performance on the old task components executed 
during the transfer phase by extrapolating the power function that described 
improvement on these components during training. However, Speelman and Kirsner 
found that expected transfer performance had been disrupted. They found that response 
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time on the old components of the task was slower at the beginning of transfer than at 
the end of training. Figure 3 contrasts the expected transfer performance with that found 
by Speelman and Kirsner. These results indicated that the presence of the novel task 
components had in some way affected response time on the old task components. 
Speelman and Kirsner's results are inconsistent with item-specific and item-general 
accounts of transfer performance, since these accounts would predict complete transfer 
of the old components to the novel task. However, Speelman and Kirsner's findings 
demonstrate support for the effect of context on performance. That is, the change in the 
acquisition context from training to transfer may have affected the ability to transfer the 
old skills to the new task. 
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Figure 3. An illustration of the disruption to predicted transfer performance reported by 
Speelman and Kirsner. 
In other experiments designed to further investigate this disruption, Speelman 
and Kirsner (under review) reported that the transfer disruption increased as the number 
of new task components increased. As a result, they concluded that the transfer 
disruption was a function of the complexity of the context in which the task was 
presented. 
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By presenting old and new task components simultaneously, Speelman and 
Kirsner (under review) varied both the visual context (i.e., the training and transfer tasks 
looked slightly different, although the old components looked exactly the same), and 
conceptual context (i.e., in each trial, participants knew that they were required to 
perform new task components after the old components). This distinction formed the 
impetus of the current research. To clarify the distinction, a concept is defined as the 
internal psychological representation of external objects or events, while the context is 
defined as those physical and mental events and processes that characterise a particular 
situation (Reber, 1995). The aim of the present study was to manipulate the conceptual 
context of the task while controlling the visual context in order to determine whether a 
change in the conceptual context is sufficient to cause the disruption to transfer 
performance reported by Speelman and Kirsner. 
The Einstellung Effect and its Influence 
Practice under consistent task conditions has been shown to be essential for 
improving task performance and optimising potential transfer ( e.g., Carlson & Shin, 
1996; Carlson & Yaure, 1990; Wenger & Carlson, 1996). However, the same conditions 
can also lead to negative performance if the strategy chosen is inappropriate to the given 
task (Anderson, 1995). Negative performance is where performance is worse after 
practice than it would have been if that practice had never taken place. It has been 
described in many ways, including mechanisation of thought, functional fixedness, 
mental set, and the Einstellung Effect. These terms reflect a similar phenomenon where 
people show a preference for a particular cognitive processing strategy, even though it 
may be less effective or efficient than another strategy. 
The Einstellung Effect is best illustrated through Luchins' famous water jar 
study where participants were given several problems related to filling a jar with a 
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speeiiied quantity of water (Luchins & Luchins, IIJH7). It was found that if a set of 
problems could be solved with one fhnnula, this inhibited the usc of a simpler formula 
on problems that could be solved with several formulae. It seemed that the participants 
remembered a successful sequence of operations, but doing so blinded them to other, 
more appropriate possibilities for subsequent problems (Anderson, 1995). Thus, the 
Einstellung Effect might generally be regarded as adhering to a particular frame of 
reference for solving a problem, when shifting to another frame of reference would have 
been more appropriate (Luchins & Luchins, 1987). The Einstellung Effect also reflects 
the adaptive nature of human functioning, in that behaviour that has been successful in 
the past is likely to be used in future problems. Indeed, this tendency toward successful 
strategies can be developed in as few as six trials (Anderson, 1982). 
Studies that have examined the Einstellung Effect have found that it occurs 
mostly in situations where the tasks presented are contextually consistent (e.g., Woltz ct 
a!., 1996). These studies found that varying the nature and order of tasks presented 
during practice inhibited the development of an Einstellung Effect and consequently 
improved transfer performance on unpractised tasks. However, these studies also found 
that varying the context was detrimental to the acquisition of the skill, since it required 
more practice to reach the level expected had the tasks been consistent (Carlson & 
Lun.ly, 1992; Carlson & Shin, !996; Carlson & Yaure, 1990; van Merrienboer, de 
Croock, & Jelsma, !997). Carlson and Yaure (1990) suggested that by varying the task 
during practice, the set of rules applied to the task were cleared from working memory 
at the end of each trial. The next set of rules could then be applied for the new problem 
without interference from the previous rule. They suggested that varying the tasks 
inhibited the development of a mental set because participants were unable to anticipate 
the next problem, and thus applv the rule prematurely. These studies indicate that the 
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Einstellung Effect can aid learning by providing the environmental cues in the task 
environment, but can also be detrimental if the wrong strategy to execute the task is 
applied. 
Given that Speelman and Kirsner (under review) presented 250 consecutive 
trials to participants in the training phase of their experiment, an Einstellung Effect may 
have developed in the training phase of their experiment. The visual and conceptual 
changes Speelman and Kirsner made to their transfer task may have been responsible 
for disturbing the mental set created in the training phase by causing participants to 
reassess the task, including its goals, processing strategies, and processing sequence. As 
such, the transfer disruption may be a consequence of a disturbance to the mental set 
due to the test task being presented in a new context, rather than specifically related to 
the visual complexity of the task context as concluded by Speelman and Kirsner. 
The present research investigated the role of mental sets in transfer performance 
by examining the extent to which the disruption reported by Speelman and Kirsner 
(under review) was due to a change in the conceptual context of the task. The first aim 
was to establish whether the skills acquired during training were affected by a change in 
the conceptual context of the task presentation. The second aim of the study was to 
determine whether increasing the degree of conceptual change in the task presentation 
context would increase the amount of disruption. 
Overview of the Experiment 
The current study involved training and transfer phases, and examined 
performance on an identical test task in both phases. In the transfer phase, the test task 
was combined with an altered version of the test task (i.e., a distractor task). An 
examination of performance on the test task between the training and transfer phases 
determined whether transfer was disrupted as a consequence of introducing these 
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distractor tasks, and, if so, the extent to which the disruption was a function of changes 
to the presentation context. Specifically, the study examined performance on an old task 
when performance of this task was interspersed with performance of a new task. In 
order to manipulate conceptual context without also manipulating visual context, each 
trial in the experiment involved solving only one problem at a time. Half of the trials 
involved problems that were identical in all respects to the problems presented during 
training (i.e., t�e test items). However, the other half of the trials involved executing 
new problems that varied in similarity to the old problems (i.e., the distractor items). 
Although it was logically possible to conceive of the old problems in the same manner 
as in training, the aim was to manipulate the overall context in which the problems were 
presented. This manipulation would lead to an assessment of the degree to which a 
conceptual change about the task requirements would disturb transfer performance. 
The present study used simple arithmetic problems, since the skills involved in 
performing these tasks are considered to be well established and reliant on memory 
retrieval (e.g., Allen, Ashcraft, & Weber, 1992; Campbell, 1987a, 1987b, 1997, 1999; 
Campbell & Graham, 1985; Rickard & Bourne, 1996). This would ensure that 
participants were highly familiar with the tasks, and overcome potential limitations of 
newly acquired skills that are usually developed to test skill transfer ( e.g., Logan & 
Klapp, 1991; Speelman & Kirsner, under review). Employing these types of tasks also 
allowed for the control of individual variation generally associated with executing 
algorithms (see, for example, Campbell, 1999; Lefevre et al., 1996; Siegler, 1988). The 
test items used in this study were single-digit multiplication problems (e.g., 6 x 3 = _), 
whereas the distractor tasks were either altered versions of the test items (e.g., 3 x 6 = _; 
18 + 3 = _; 6 x _ = 18), or other memory retrieval items derived from established 
arithmetic knowledge (e.g., 3 x 4 = _). 
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The methodology of the present study incorporated the findings of Rickard et al. 
(1994) where they tested the transfer of learning from a simple multiplication task to 
several altered versions of the same task. These changes were related to the operand 
order, arithmetic symbol, and operation of the task. Operand order change was the 
reversed order of the practiced task ( e.g., training: 6 x 3 = _, transfer: 3 x 6 = _); 
operation change was related to a format change in the practiced task (e.g., training: 
6 x 3 = _, transfer: 6 x _ = 18); and symbol change was the practiced multiplication task 
re-organised as a division task ( e.g., training: 6 x 3 = _, transfer: 18 + 6 = _). Rickard et 
al. reported performance differences between these conditions at transfer in comparison 
to the control condition where the task presented was identical in both the training and 
transfer phases. In particular, they found that the operand order change problems 
resulted in almost complete transfer, operation change problems resulted in the next 
highest amount of transfer, and symbol change problems resulted in the least transfer. 
Rickard et al. concluded that transfer performance was based on the similarity between 
the elements of the task and their operation. That is, the more similar the transfer task 
was to the training task (i.e., the numbers, format and the operation required to solve the 
problem), the greater the amount of transfer. 
During the training phase of the present experiment, participants repeatedly 
solved the test items from the six-times table. During the transfer phase, they continued 
to solve the same test items along with a set of distractor items. The aim of combining 
these distractor items with the test items in the transfer phase was to facilitate a 
conceptual change to the presentation context of the test items. This would then 
determine whether introducing the distractor task produced a disruption to performance 
on the test task. 
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Test items were repeated several times in the training phase for two purposes. 
Firstly, it established a performance baseline against which a power function equation 
could be fitted. That is, by extrapolating the parameters of the power function, transfer 
predictions could be made based on training performance. Secondly, the repetition of 
the test items promoted the development of a mental set towards the problems from the 
six-times table. That is, the mode of presentation encouraged participants to develop the 
mental set that "all the tasks are 6 x _ problems that can be solved by recalling the 
answer." It was expected that exposure to the distractor items in the Operation Change 
and Symbol Change conditions in the transfer phase would provide a change in the 
conceptual context of the test task. This would interrupt the mental set, since it would 
no longer be applicable. The changes in the conceptual environment persisted 
throughout the transfer phase to enable an examination of any prolonged impact on 
performance. It was further expected that the effect of these distractor tasks would vary 
according to their features and the degree of conceptual change relative to the test task. 
The fact that Rickard et al. ( l  994) found almost perfect transfer between 
6 x 3 = _ problems and 3 x 6 = _ problems, suggests that participants may view these 
problems as virtually identical. Hence, in the present study, the Operand Reversal 
condition ( e.g., 3 x 6 = _) was predicted to cause little disruption to performance on the 
test task (e.g., 6 x 3 = _). In contrast, Rickard et al. found virtually no transfer between 
6 x 3 = _ problems and 18 + 6 = _ problems, suggesting that participants may view 
these problems as requiring different skills. Hence, the Symbol Change condition in the 
present study ( e.g., 18 + 6 = _) was expected to cause maximum disruption to 
performance on the test task (e.g., 6 x 3 = _). Since Rickard et al. found that some 
degree of transfer occurred between 6 x 3 = _ problems and 6 x _ = 18 problems, it 
suggests that participants may have viewed these problems as requiring similar skills. 
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As such, it was expected that in the present study, the Operation Change condition ( e.g., 
6 x _ = 18) would cause a performance disruption to the test task ( e.g., 6 x 3 = _J that 
was intermediate to that observed for the Operand Reversal and Symbol Change 
conditions. 
Although not used in the Rickard et al. (1994) study, an Operand Change 
condition was included in this experiment. This condition was designed to determine 
whether performing the same symbol operation (i.e., multiplication in both the test and 
distractor tasks) with different operands to the test task (i.e., varied multiplicands and 
multipliers: e.g., training: 6 x 3 = _, transfer: 8 x 7 = _) would affect performance on the 
test items. Given that single-digit multiplication problems are a stimulus-response 
association (e.g., Campbell, 1987a, 1987b; Cheng, 1985), it suggests that participants in 
this experiment may respond to the test task and distractor task automatically without 
being aware of a change in task conditions. Hence, only a minimal disruption to the test 
task in the Operand Change condition was expected. 
Transfer Predictions Based on Existing Theories 
The basic assumption under test in this study was that transfer predictions could 
be made on the basis of power functions that describe training performance. 
Discrepancies in the data between predicted performance and observed performance 
provided an indication as to the extent to which transfer had occurred. This approach 
has been employed in other studies that test skill transfer performance (Speelman & 
Kirsner, under review; Speelman & K.irsner, 1993). Given that power function speedup 
occurs for fact retrieval from memory (Logan, 1988, 1992; Newell & Rosenbloom, 
1981), it was expected that test task performance in the training phase would follow a 
power function and so enable transfer performance to be analysed in this way. 
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The two dominant perspectives of skill acquisition and transfer performance, 
item-specific (e.g., Instance Theory of Automaticity) and item-general (e.g., ACT-R 
theory), make similar predictions regarding transfer in the current experiment. The 
nature of the test task used in this experiment, such that it relied on direct memory 
retrieval and not algorithmic processing, allowed both these theories to be examined on 
a comparable basis. Logan's (1988) Instance theory assumes that transfer performance 
is a function of the degree of experience with a task. Every time a task is executed it 
forms a new memory representation that can be retrieved for future identical problems. 
Since the test task in training is identical to the test task at transfer, there should be 
complete transfer of the skills. Similarly, Anderson's (1993) ACT-R theory also 
predicts complete transfer because the test task at transfer is identical to the test task at 
training. As such, there would be a complete overlap of shared productions between the 
two tasks. Under the predictions of these two theories, power function extrapolations 
should be able to successfully predict transfer performance. However, since these 
theories cannot account for a change in the conceptual environment on transfer 
performance, it was expected that their predictions would not be supported. 
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Method 
Participants 
A total of 81 employees of the W estem Australia Police Service volunteered to 
participate in the experiment. Although the experiment only called for 8 0  participants, 
one volunteer failed to attain the required accuracy criterion of 8 0% in the training 
phase of the experiment, and was replaced. 
Sixty-six participants were males and 14 were females. Participants were aged 
between 23 and 53, with an average age of 33 years. Their average level of schooling 
was 12 years, indicating that participants had received training in basic arithmetic that is 
taught at primary school level . Participants had normal, or corrected-to-normal, vision. 
Stimuli 
The experiment used single-digit multiplication and division problems as the 
stimulus items. All problems were presented in their Arabic-numeral format separated 
by the operation symbol (x or +). A sample of these items are presented in Table 1 (see 
Appendix I for a complete list of items) . Selection of the test items was based on 
previous research. Multiplication problems using 0, 1, 5, and ties (e.g., 3 x 3) have been 
found to involve rule-based solutions rather than retrieval, and were therefore excluded 
from the study as potential confounds (see, for example, Campbell, 1987a; Lefevre et 
al ., 1996) . A further consideration in the selection of items was the problem-size effect 
(see, for example, Allen et al ., 1992; Campbell, 1999; Lefevre et al ., 1996; Pesta, 
Sanders, & Murphy, 1999), which refers to the observation that response time increases 
as the numerical value of the operand increases (i.e., 8 x 9 takes longer to perform than 
3 x 2) . A consideration of these factors ensured that response time was balanced across 
single-digit multiplication tasks. 
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Table 1 
Sample of the Items Used in the Experiment 
Test Task 
6 x 2 = 
6 x 3 =  
6 x 4 =  
6 x 7 = 
6 x 8 = 
6 x 9 =  
Operand 
Change 
2 x 9 =  
7 x 4 =  
8 x 3 = 
4 x 8 = 
3 x 9 =  
4 x 8 = 
Distractor Tasks 
Operand Operation Symbol 
Reversal Change Change 
2 x 6 =  6 x  = 12 12 + 6 = 
3 x 6 = 6 x  = 18 18 + 6 = 
4 x 6 =  6 x  = 24 24 + 6 = 
7 x 6 = 6 x  = 42 42 + 6 = 
8 x 6 =  6 x  = 48 48 + 6 = 
9 x 6 = 6 x  = 54 54 + 6 = 
The test items were single-digit multiplication problems from the six-times 
table. The six-times table represents the median between the two and nine-times tables 
(excluding five) and therefore controls for the problem size effect. Within the six-times 
table, multiplication problems that contained 0, 1, 5, and the tie, were excluded as test 
items. The remaining six multiplication problems became the test items. These items are 
presented in Table 1. 
The distractor items were problems from the four conditions of the independent 
variable: operand order change-multiplication problems that represented the reversed 
order of test item; symbol change-the corresponding division equivalent to the test 
items; operation change----problems that presented the test item in a varied format; and 
operand change-multiplication problems unrelated to the test item. These distractor 
items followed the same exclusionary rules applied to the test items. There remained six 
different trials for each distractor condition. These items are presented in Table 1. 
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Each time a problem was presented to participants, two possible solutions were 
also presented. One solution was the correct response, while the other was an incorrect 
table-related error. Table-related errors are responses that are incorrect for a presented 
problem, but are the correct response to another problem within the multiplication table. 
These table-related errors have been found to occur mostly with problems that are either 
± 1 to an operand in the presented problem. For example, a table-related error for a 
response to 6 x 3 = _ could be either 12, because it is the answer to 6 x 2 = _ (which is 
- 1 to the presented operand), or 24, because it is the answer to 6 x 4 = _ ( which is + 1 to 
presented operand). Evidence that people commonly make table-related errors in 
multiplication tasks that use verification strategies has been well documented ( e.g., 
Campbell, 1987b; Lefevre et al., 1996; Zbrodoff & Logan, 2000). A similar system was 
employed for the incorrect responses to the division problems since there is evidence 
that people use multiplication skills to solve division problems ( e.g., Campbell, 1997, 
1999). For example, a table-related error for 18 + 3 = _ would be 9 because it is the 
answer to 18 + 2 = _ (which is - 1 to the presented problem). Presentation of table­
related errors as potential problem solutions served as a control mechanism to ensure 
that participants had followed the task instructions that required them to produce a 
response rather than verify a response. Since people generally learn their times tables in 
a fixed numerical sequence, these responses would have seemed reasonable to 
participants as the correct answer if they compared the two possible solutions presented 
on the screen before selecting their answer (i.e., used verification strategies). As such, 
evaluating a table-related error value would be seen as a reasonable choice because it is 
in the same "ballpark" as the correct value. Thus, high error rates would indicate that 
participants had not used production strategies as they were instructed, but instead used 
verification strategies. Although this method retains the methodological advantages of 
L 
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verification styled responses (Campbell, 1997), it overcomes the problem reported by 
Zbrodoff and Logan (2000) that verification tasks may contribute to priming effects and 
therefore may mask important evidence about the retrieval process by affecting 
response times and accuracy. In addition, it overcomes the problems associated with 
false answers generally taking longer to process than correct answers (Campbell, 
1987b). 
Design 
The experiment had two independent variables: phase and distractor condition. 
There was a training phase and a transfer phase, with all participants completing both 
phases. There were four distractor conditions: Operand Change ( e.g., 2 x 9 = _); 
Operand Reversal (e.g., 2 x 6 = _); Operation Change (e.g., 6 x _ = 12); and Symbol 
Change (e.g., 12 + 6 = _). Participants were randomly allocated to one of the four 
conditions and completed only the tasks assigned to that condition. Each condition 
consisted of 20 participants. There were two dependent variables: performance response 
time and accuracy. Response time was measured in milliseconds and accuracy was 
assessed as the percentage of correct responses. Since the focus of this study was on the 
performance of the test tasks, the design included a within-subjects comparison on test 
task performance between the training and transfer phase in order to examine the effect 
of the distractor tasks on transfer performance of the test tasks. The design also included 
a between-subjects comparison on test task performance at transfer for each condition to 
enable the size of any disruption effect to be assessed. 
Training phase. Only the test items were presented in the training phase. The 
test items consisted of the six problems from the six-times multiplication table. The 
presentation order of the six test items was random. Participants received these six test 
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items 12 times to establish their baseline level of performance on the test task. A total of 
72 test trials were completed in the training phase. 
Transfer phase. The transfer phase consisted of a combination of both the six 
test items and a set of six distractor items from one of the four conditions. The order of 
presentation for each of the six test items and six distractor items was random. 
Participants received these test and distractor items 12 times during the transfer phase. 
There were 72 trials for the test task and 72 trials for the distractor task, totalling 144 
trials in the transfer phase. 
Apparatus 
A Compaq Presario 1200 notebook computer with a separate desktop keyboard 
was used to present the test conditions and record participant responses. Stimulus 
presentation and response recording were controlled by Superlab software. 
Proc edure 
Participants were tested individually. They were seated in a private room in front 
of the computer screen and keyboard and asked to read the information sheet and 
complete the consent document. Only the participant and experimenter were present in 
the room during this period. Once this had been completed, participants were randomly 
allocated to one of the experimental conditions and asked to provide demographic 
information. 
Participants were positioned approximately 50 cm away from the display 
monitor with the keyboard adjusted so that it enabled easy access to the keys. All 
participants received the standard instructions presented on the computer screen. The 
instructions described the experiment as a test of arithmetic skill where their response 
times and accuracy would be recorded. Speed and accuracy was also emphasised. 
Participants were advised to continue until the completion of the trials without pausing. 
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These instructions also explained the operating procedures of the experiment and 
provided a step-by-step demonstration on an example problem. This was followed by 10  
practice trials from the five-times table ( e.g., 3 x 5 = _).  These practice trials enabled 
the participant to become familiar with the task requirements and responding method 
prior to commencing the experimental trials, and also provided an indication to the 
experimenter as to whether the participant understood the instructions. Participants were 
able to complete further practice trials if necessary, however, the 10 trials were 
sufficient. 
At the completion of the practice trials, participants were instructed to press a 
key on the keyboard to initiate the experimental trials once they were ready to proceed. 
At this point, the experimenter left the room. Once participants had pressed the key to 
commence the trials, they received the training phase of the experiment in which they 
completed the 72 test items. Immediately following the completion of the training 
phase, the transfer phase commenced without the participants being aware of a change 
in phase. The 144 test and distractor items were presented consecutively and in random 
order. The presentation style and responding method did not differ between the tasks. 
On each trial, participants were presented with a task item (illustrated in Figure 
4a) and instructed to press the spacebar once they had formed the correct answer. Two 
possible solutions then appeared on either side of the computer screen (illustrated in 
Figure 4b ). Participants were asked to nominate which one of the two presented 
solutions was their answer by pressing the "z" key (which was covered by a yellow dot) 
on the computer keyboard if it was the answer on the left side of the screen, or the "/" 
(which was covered by a red dot) if it was the answer on the right side of the screen. 
These instructions were designed to facilitate production responses rather than 
verification responses. The presentation of correct and incorrect responses on the left 
Effect of Conceptual Context on Skill Transfer 34 
and right side of the screen was counterbalanced across experimental trials. Once the 
selection was made, the computer provided feedback as to whether the response was 
correct by displaying either "right" or "wrong" in the middle of the screen for 500 
milliseconds (illustrated in Figure 4c ). This feedback was included as a control 
mechanism to encourage participants to answer the problems correctly, and also to 
maintain a high level of performance across the trials. Immediately after the feedback 
was presented, the screen cleared and another item was displayed. The computer 
automatically recorded participant response times and whether the response was correct 
or incorrect. Participants took approximately 15 minutes to complete the experiment and 
were not interrupted at any stage during the testing period. 
6 x 4 = 
30 24 Right 
a: Task Item b: Response Choices c: Accuracy Feedback 
Figu,re 4. An example of the three consecutive task components presented to 
participants. 
L 
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Results 
Performance on the tasks was analysed in blocks of 9 trials. There were 8 blocks 
of trials in the training phase and 16 blocks in the transfer phase. In the training phase, 
the 8 blocks of trials consisted of test items. In the transfer phase, the 16 blocks of trials 
consisted of 8 blocks of test items and 8 blocks of distractor items. Response time was 
measured in terms of the time elapsed between the presentation of an item and the 
participant's response on the keyboard that identified their answer. Accuracy was 
defined as the percentage of correct trials in a block. Only correct responses were 
included in the response time analyses. Data from one participant who did not maintain 
an overall accuracy level above 80% in the training phase was removed from the 
analyses. All analyses were performed using SPSS and Excel software programs, and 
were evaluated against an alpha level of 0.05. 
The average number of test items presented before the first dis tractor item in the 
transfer phase across the four conditions was 0.99 (1.10 for Operand Change; 0.55 for 
Operand Reversal; 0.90 for Operation Change; and 1.4 for Symbol Change). The 
average number of distractor items presented in the first 18 trials in the transfer phase 
across the four conditions was 8.7 (7.85 for Operand Change; 9.15 for Operand 
Reversal; 8.35 for Operation Change; and 9.45 for Symbol Change). These values 
indicate that the randomisation procedure used in presenting the experimental trials 
resulted in an approximately equal proportion of test items to distractor items in the first 
two blocks of the transfer phase. 
Accuracy 
Performance accuracy remained high throughout the experimental trials. The 
combined mean accuracy for the test task in the training and transfer phases was 98% 
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(SD = 2.9). Accuracy levels on the test tasks in each phase are presented in Table 2. 
Overall mean accuracy for the distractor tasks was 96. 6% (SD = 3.92) .  
Table 2 
Mean Performance Accuracy (%) for th e Test Task in th e Train ing and Transfer Phase 
Training Transfer 
Condition M SD M SD 
Operand Change 98 .4 2.89 98 .2 3.58 
Operand Reversal 97.4 3.31 98 .4 2.56 
Operation Change 97.7 2.40 98 .0 2.57 
Symbol Change 97.2 3.17 98 .1 2.76 
Total 97.7 2.94 98 .2 2.84 
To determine whether there was a difference in performance accuracy on the test 
task between the training and transfer phase, a 4 ( condition) x 16 (block) mixed design 
analysis of variance was performed. There was no effect of block, F(l 5, 1140) < l ,  and 
no effect of condition, F(3, 76) < l . There was also no interaction between block and 
condition, F( 45, 1140) = 1.04, p>0.05. These results indicate that accuracy performance 
remained constant in each condition and across all trials . That is, accuracy on the test 
items did not improve with practice, but neither was it affected by the introduction of 
the distractor task in any of the conditions. This is illustrated in Figure 5. 
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Figure 5. Performance accuracy (%) for test task in training and transfer phase. 
A 4 ( condition) x 8 (block) mixed design analysis of variance was performed on 
performance accuracy for the distractor tasks to determine whether accuracy levels 
varied between trials and conditions. There was no effect of block, F(7, 532) <I ,  and no 
interaction between block and condition, F(2 l ,  532) < 1, indicating that accuracy 
performance remained at a constant level across trials. The analysis revealed a 
significant effect of condition, F(3, 76) = 3.43, p<0.05. Post hoc tests using Tukey's 
HSD indicated that accuracy for the distractor task in the Symbol Change condition 
(M = 94.6%, SD = 5.43) was significantly less than accuracy for the distractor task in 
the Operand Change (M = 97.5%, SD = 4.10) and Operand Reversal (M = 98.1 %, 
SD = 2.04) conditions. No other differences were reported between conditions. These 
results indicate that although accuracy performance was less for Symbol Change than 
that of Operand Reversal, overall, performance accuracy on the distractor tasks between 
the trials in all conditions remained at a constant level. 
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Response Ti me  
Test task during training. To determine whether response time on the test task 
improved in the training phase, a 4 ( condition) x 8 (block) mixed design analysis of 
variance was performed. A significant effect of block was found, F(7, 532) = 63.01, 
p<0.05, and indicated that response times generally decreased with subsequent trials. 
This trend is illustrated in Figure 6. There was no interaction between block and 
condition, F(2 l ,  532) <l ,  demonstrating that the relative learning rate for participants 
(i.e., the amount of decrease in response time with subsequent trials) was similar in the 
four conditions. There was no effect of condition, F(3, 76) <1, indicating that the 
overall mean in each condition did not differ between the four conditions. These results 
indicate that performance improved as a consequence of practice in all four conditions. 
It also demonstrated that performance between the conditions followed a similar trend 
indicating that the process of random assignment of participants to conditions resulted 
in groups of approximately equal ability on the test task. 
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Figure 6. Mean response times (ms) for the test items in the training phase. 
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To examine whether any differences existed between the conditions at the end of 
the training phase, a one-way analysis of variance was performed on the response times 
in the last block of the training phase. The results of this analysis was not significant, 
F(3, 76) <1, demonstrating that response time at the end of training was similar in all 
four conditions (Operand Change M = 1663 ms, SD = 461.38; Operand Reversal 
M =  1699 ms, SD = 312.93; Operation Change M =  1651 ms, SD = 418.53; and Symbol 
Change M= 1787 ms, SD = 519.08). 
In summary, the analyses of training phase response time indicate that test task 
performance generally improved with practice throughout this phase. They also 
demonstrate that training performance was the same across the four conditions. 
Power functions were fitted to response time data from the training phase in 
order to determine whether performance in the test task followed the predictions of the 
power law of learning. Parameters for these functions are presented in Table 3. The high 
r2 values and low root-mean squared-deviations (rmsd) indicate that the degree of fit 
between the power functions and the observed data was generally good. This 
demonstrated that response time in the training phase was well described by the power 
function. 
The learning rate values reported in Table 3 are relatively small. A value of -1 
reflects high speed learning, and a value of O reflects no learning. Thus, although 
participants in this experiment improved with practice, the overall rate of improvement 
was generally low. Taking into account the high levels of accuracy reported in previous 
analyses, these values suggest that the test task had been well established in memory 
prior to the experimental trials. 
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Table 3 
Power Function Parameters Fitted to the Training Response Time Data and 
Extrapolations of these Parameters to Transfer Response Time Data 
Training Transfer 
Condition b C ? rmsd ? rmsd 
Operand Change 2303.36 -0. 18 0.93 6 1.45 0.50 223.42 
Operand Reversal 2383.92 -0. 17 0.95 54.41 0.79 80.72 
Operation Change 2462.51 -0.21 0.94 67.60 0.78 276.50 
Symbol Change 2437.39 -0. 15 0.96 43.06 0.88 237.95 
Note. The training column represents the power function parameters and goodness of fit 
between the training data and the power function. The transfer column represents the 
goodness of fit between values extrapolated from the training function and transfer data. 
Performance time on the first trial is represented by b, while c represents the learning 
rate. The r2 values represent the squared correlation between the predicted and observed 
response times, and rmsd represents the root-mean-squared-deviations between the 
predicted and observed response times. 
Test task during transfer. To establish whether training performance on the test 
task can be used to predict performance on the test task when a distractor task is 
introduced (i.e., a change in the conceptual context), power functions fitted to each of 
the conditions in the training data (presented in Table 3) were extrapolated a further 
eight blocks and fitted to transfer response times. This is illustrated in Figure 7 for 
Operand Change, Figure 8 for Operand Reversal, Figure 9 for Operation Change, and 
Figure 10 for Symbol Change. Analyses were then performed between predicted 
performance and observed performance of the transfer data. Support for the predictive 
ability of training performance is indicated where the extrapolated values of the power 
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function pass within 95% confidence intervals of the mean transfer values. Figures 7 to 
10 indicate that transfer predictions were not supported for the Operand Change, 
Operation Change, and Symbol Change conditions as observed values passed outside of 
the 95% confidence limits. Specifically, transfer performance was slower in these 
conditions than was predicted from training performance. However, performance in the 
Operand Reversal condition generally followed the predicted trend as it remained within 
the 95% confidence intervals. After the initial disruption, response times in the Symbol 
Change condition fell back within confidence limits. However, as is clearly evident by 
the trend in Figure 10, transfer performance in the Symbol Change condition is not well 
fitted to the training function. As illustrated by Figures 7 and 9, response times for the 
Operand Change and Operation Change conditions still had not returned to the predicted 
levels by the end of the transfer phase. In summary, these analyses indicate that general 
transfer performance was disrupted for the Operand Change, Operation Change, and 
Symbol Change conditions, but not for the Operand Reversal condition. 
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Figure 7. Mean response times for the test items in the Operand Change condition for 
the training and transfer phases. The dashed line represents the best-fit power function 
fitted to the training data and extrapolated 8 blocks for the transfer phase. Error bars 
represent 95% confidence intervals. 
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Figure 8. Mean response times for the test items in the Operand Reversal condition for 
the training and transfer phases. The dashed line represents the best-fit power function 
fitted to the training data and extrapolated 8 blocks for the transfer phase. Error bars 
represent 95% confidence intervals. 
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Figure 9. Mean response times for the test items in the Operation Change condition for 
the training and transfer phases. The dashed line represents the best-fit power function 
fitted to the training data and extrapolated 8 blocks for the transfer phase. Error bars 
represent 95% confidence intervals. 
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Figure 10. Mean response times for the test items in the Symbol Change condition for 
the training and transfer phases. The dashed line represents the best-fit power function 
fitted to the training data and extrapolated 8 blocks for the transfer phase. Error bars 
represent 95% confidence intervals. 
The predictive ability of training performance was further examined using r2 and 
rsmd (see Table 3). The r2 values between the observed mean response time for the test 
items in the transfer phase, and values predicted by extrapolating the training power 
functions were moderate to high across conditions. However, these values are smaller 
than the training phase values and represent a considerable amount of unaccounted 
variance. This result indicates that the power functions extrapolated from training were 
unable to adequately predict the overall pattern of improvement for the transfer data. 
The rsmd values for transfer performance in the Operand Change, Operation Change 
and Symbol Change conditions were substantially greater than the values presented for 
the training data to which the power function was fitted. In contrast, the rmsd value for 
the transfer data in the Operand Reversal condition was only moderately greater than 
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the rmsd value for the training data, indicating that the predicted performance provided 
a relatively good fit with the power function. The i and rmsd values indicate, therefore, 
that for the Operand Change, Operation Change and Symbol Change conditions, there 
was a poor fit between the transfer data and the power curve extrapolated from training. 
However, transfer performance in the Operand Reversal condition approximated the 
power function predictions with response times generally improving with practice. 
These results are consistent with the previous analyses that examined the 95% 
confidence limits. That is, the introduction of the distractor task disrupted transfer 
performance in the Operand Change, Operation Change, and Symbol Change conditions 
by slowing their response time on the test task. Transfer performance in the Operand 
Reversal condition was not affected by the distractor task. 
The disruption to predicted transfer performance was further examined using a 
series of analyses. A 2 (phase) x 4 (condition) mixed design analysis of variance was 
performed on the response times for test items in the last block of the training phase and 
test items in the first block of the transfer phase between conditions. This analysis 
revealed a significant effect of phase, F(l ,  76) = 32.09, p<0. 05, indicating a general 
increase in response time in the transfer phase (Training M = 1700 ms, SD = 429.58; 
Transfer M = 1 905 ms, SD = 486.96). There was no overall significant difference 
between the four conditions, F(3, 76) = 1 .64, p>0. 05. A significant interaction between 
phase and condition was reported, F(3, 76) = 5.49, p<0. 05, indicating that the amount 
by which response times had slowed was different across the four conditions. The 
interaction between phase and condition was further explored. Since it had already been 
established that there was no difference between the conditions at the end of training 
phase (refer test task during training), post hoc comparisons using Tukey' s HSD were 
performed on the response time means in the first block of the transfer phase. The 
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difference between the Operand Change and Operand Reversal conditions was not 
significant, and neither was the difference between the Operation Change and Symbol 
Change conditions. However, both the Operation Change and Symbol Change 
conditions were significantly slower than both the Operand Change and Operand 
Reversal conditions. These analyses indicate that the amount by which performance had 
been slowed by the introduction of the distractor task was the same between the 
Operation Change and Symbol Change conditions, and the same between the Operand 
Change and Operand Reversal conditions. The parallel lines in Figure 11  illustrate this 
trend. 
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Figure 11. Mean response times (ms) for the test task in the last block of the training 
phase and first block of the transfer phase. 
To determine whether the distractor items slowed the response times on the test 
items in all of the conditions, further analyses were conducted. Based on the predictions 
outlined in this paper, planned comparisons were performed on the mean response times 
for the test tasks between the last block of the training phase and first block of transfer 
phase for each condition. Paired samples t tests revealed that there were no significant 
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differences between these response times for both the Operand Change condition, 
t( l9) = 1 .32, p>0.05 (M = 51 ms, SD = 342.48) and Operand Reversal condition, 
t(19) = 0.672, p>0. 05 (M = 65 ms, SD = 221 .41 ) .  However, mean response times were 
significantly slower in the transfer phase for the Operation Change condition, 
t(l9) = 5.1 1 ,  p<0.05 (M = 361 ms, SD = 31 6. 1 5), and Symbol Change condition 
t(l9) = 3.9 1 ,  p<0.05 (M = 343 ms, SD = 393. 01 ) .  These analyses demonstrate that the 
disruption of performance on the test task resulting from the introduction of the 
distractor task was such that performance was actually slowed in the Operation Change 
and Symbol Change conditions, but not in the Operand Change and Operand Reversal 
conditions. Furthermore, the previous analysis of variance indicated that where a 
transfer disruption was reported in the initial transfer phase, the degree to which it 
slowed performance on the test task was the same between the conditions. This trend is 
depicted in Figure 1 1 .  
In order to determine the full extent to which the distractor task affected test task 
performance during the overall transfer phase, further analyses were performed. A 4 
( condition) x 8 (block) mixed design analysis of variance on response time for the test 
task in the transfer phase reported a significant effect of block, F(7, 532) = 1 1 .1 6, 
p<0.05, with response time generally decreasing with practice. The effect of condition 
was not significant, F(21 , 532) = 1 .46, p>0.05, and neither was the interaction between 
block and condition, F(3, 76) = 2.01 ,  p>0.05. These results indicate that the rate at 
which performance on the test items improved when it was combined with the distractor 
items was consistent between conditions. Figure 1 2  presents these results. 
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Figure 12. Mean response times (ms) for the test task in the transfer phase. 
Although contrary to the results indicated by the interaction reported in the 
previous analysis of variance, Figure 12 suggests that the rate at which response time 
decreased was different between the conditions. To further examine this trend, separate 
repeated measures analyses of variance were performed on each of the conditions. The 
analysis for the Operand Change condition indicated there was no effect of block, 
F(7, 133) < I ,  demonstrating that response times did not improve with practice in the 
transfer phase. A significant effect of block was revealed for the Operand Reversal, 
F(7, 133) = 3.489, p<0.05, the Operation Change, F(7, 133) = 8.219, p<0.05, and the 
Symbol Change conditions, F(7, 133) = 3.818, p<0.05, with response times generally 
decreasing with subsequent blocks. These analyses indicate that when test items were 
combined with distractor tasks, performance improved with practice for the Operand 
Reversal, Operation Change and Symbol Change conditions, but not for the Operand 
Change condition. 
L 
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In order to further examine the rate at which performance improved, power 
functions were fitted to response time data for the test tasks in the transfer phase. The 
learning rates were as follows: the Operand Change condition was -0.02, the Operand 
Reversal condition was -0.07, the Operation Change was -0.10, and the Symbol 
Change condition was -0.08. These values demonstrate that a relatively low amount of 
learning was occurring on the test task in the transfer phase. As such, while the previous 
analyses indicated that performance improved in the Operand Reversal, Operation 
Change and Symbol Change conditions, the rate of improvement was relatively low. 
The low learning rate reported for the Operand Change condition is consistent with the 
previous analysis that performance did not significantly improve. 
To examine the extent of the improvement relative to the other conditions, a 
one-way analysis of variance on the response time for the test items at the end of 
transfer in the last block was performed. This analysis revealed that response time at the 
end of transfer was not significantly different between conditions, F(3, 76) = 1.046, 
p>0.05. Mean response time for Operand Change was 1663 ms (SD = 438.07), Operand 
Reversal was 1534 ms (SD = 344.97), Operation Change was 1588 ms (SD = 480.48), 
and Symbol Change was 1752 ms (SD = 415.14). This indicates that at the end of the 
transfer phase, performance between the conditions was the same regardless of both the 
amount of disruption, and their different rates of improvement. 
Distractor performanc e. To determine whether performance on the distractor 
tasks improved with practice, a 4 ( condition) x 8 (block) mixed design analysis of 
variance was performed on the response time data. The analyses reported a significant 
effect of block, F(7, 532) = 31.43, p<0.05, revealing a general decrease in response 
times with practice. A significant effect of condition was also revealed, F(3, 76) = 8.59, 
p<0.05. Tukey's HSD showed that the response time for the Symbol Change condition 
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(M = 2309 ms, SD = 634.80) was significantly slower than both the Operand Change 
(M= 1777 ms, SD = 403.58) and Operand Reversal (M = 1629 ms, SD = 324.82) 
conditions. The results also indicated that the response time for the Operation Change 
condition (M = 2 128 ms, SD = 487.40) was significantly slower than the Operand 
Reversal condition. A significant interaction was also revealed, F(21, 532) = 3.00, 
p<0.05, indicating that, although there was a general improvement with practice, the 
rate at which performance improved was different between the conditions. This is 
illustrated in Figure 13. 
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Figure 13. Mean response times for the distractor tasks. 
Power functions were fitted to the distractor task data for each condition to test 
whether performance followed the typical pattern of improvement predicted by the 
power law. High r1- values indicated that power functions provided a good account of 
improvement on the distractor tasks (Operand Change: r1- = 0.80; Operand Reversal: 
r1- = 0.90; Operation Change: r1- = 0.88; and Symbol Change: r1- = 0.83). These values 
provide further indication that distractor task performance improved with practice. 
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Discussion 
The hypothesis was that a change in the conceptual context of a task would be 
sufficient to induce a disruption to predicted levels of performance. This hypothesis was 
clearly supported by the results, which demonstrated that the response time on the test 
task slowed as a consequence of altering the conceptual environment. While the study 
has confirmed Speelman and Kirsner's (under review) findings that a change in the 
context can affect the performance of an established skill, their conclusion that the 
disruption was a consequence of the complexity of the task's presentation context was 
not supported. Since this study controlled for factors affecting visual complexity, the 
results suggest that Speelman and Kirsner's observations might simply be a 
consequence of the changes made to the conceptual nature of the task, which was 
brought about by increasing the complexity of the task's environment. Furthermore, 
Speelman and Kirsner's conclusion that power functions derived from training 
performance are unable to reliably predict transfer performance was supported. These 
findings also present a challenge to the two dominant classes of theories of skill 
acquisition and transfer-item-specific and item-general-because their predictions of 
complete transfer of skills that are based on memory retrieval have not been supported. 
Summary of Findings 
The present study found an immediate performance disruption similar to that 
noted by Speelman and Kirsner (under review) when the task conditions in which an 
established skill was performed had changed. This finding was consistent with the 
study' s a priori predictions such that changing the conceptual context of the test task 
immediately increased response times in the Operation Change and the Symbol Change 
conditions, but had no effect on the Operand Change and Operand Reversal conditions. 
This study extended Speelman and Kirsner's findings by examining the influence of a 
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continuing conceptual change on overall task performance, rather than focusing only on 
the period during which a conceptual change was first introduced. This examination 
revealed an overall disruption in the Operand Change and Operation Change conditions. 
This study also predicted that increasing the degree of conceptual change would 
lead to corresponding increases in disruption. These predictions were based on the 
findings of Rickard et al. 's (1994) study, such that the extent to which there was 
successful transfer of multiplication skills to altered versions of the same problems 
would be related to the degree of conceptual change. For example, complete transfer 
would indicate that the conceptual change was minimal, while zero transfer would 
indicate substantial conceptual change. This premise was supported, since the 
introduction of the distractor task led to an immediate performance disruption in the 
Operation Change and Symbol Change conditions, and not in the Operand Change and 
Operand Reversal conditions. However, rather than an incremental effect as predicted, 
the amount of conceptual change appeared only to induce a disruption, and not to affect 
its magnitude. This trend is also reflected in the overall pattern of performance for the 
distractor tasks, which may be indicative of the degree of conceptual difference between 
the two tasks. These findings are consistent with Speelman and Kirsner's (under review) 
study, which found that the size of the disruption was not a function of the amount of 
change in the complexity of the task context . Consequently, it appears that once a 
threshold of conceptual change is exceeded, a disruption occurs. Regardless of the 
extent of conceptual change once this threshold is exceeded, the magnitude of the 
disruption remains constant. However, these findings apply only to the initial 
introduction of the distractor task--they do not generalise across the entire transfer 
phase. This suggests that the extent of conceptual change, inferred from Rickard et al. ' s 
findings that the amount of transfer between a multiplication problem and its altered 
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version is an indication of conceptual similarity, cannot reliably be used to predict the 
degree of disruption. 
Given that the present study has revealed two forms of performance disruption, 
it may not be appropriate to restrict the interpretation of the results to the initial block of 
the transfer phase. An examination of the trends apparent in the Operand Change and 
Operand Reversal conditions indicates that, while an initial disruption was not detected, 
this may not mean that one was not at least developing. Moreover, the fact that the 
performance trend did not decrease according to power law predictions supports the 
possibility of a disruption in these conditions. The disruption may simply have gone 
undetected because of its relatively small immediate impact. This possibility is 
consistent with the overall transfer disruption found in the Operand Change condition, 
where the disruption became evident with further trials. 
Conc eptual Con tex t Changes  on Transfer Performanc e  
As with Speelman and Kirsner (under review), this study found that changing 
the context in which a skill is presented is sufficient to induce a performance disruption. 
The finding by this study that a change in the conceptual context slowed response time 
indicates that more fundamental factors than simply the extent to which two tasks 
require the same knowledge may need to be considered in order to adequately account 
for the nature of the cognitive processes involved in skill transfer. This is at odds with 
the implications of item-specific and item-general accounts, which only consider the 
degree of similarity between tasks in order to predict skill transfer ( e.g., Anderson, 
1993; Logan, 1988). 
Muller (1999) has noted that humans form concepts as part of their natural 
information processing strategies. The benefit of forming concepts is that the underlying 
skill knowledge can be used in a more flexible manner. Different sets of cues can 
L 
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identify the concepts developed, and serve to facilitate the production of answers by 
drawing on the skill knowledge appropriate for the situation. The manner in which 
multiplication tables are first learned includes a range of methods that increase encoding 
opportunities (Koshmider & Ashcraft, 199 1 ). These methods include auditory and 
visual presentation, as well as reinforcement through practical application of the 
knowledge. The ability to use this knowledge is considered to be a function of the 
degree of overlap of conceptual features developed when a task is learned, and those 
later prompted by the context in which the skill is applied (Muller, 1999). This study 
provided participants with opportunities to reinforce the specific application of 
multiplication tables by encouraging a match between the stimulus presentation and the 
relevant conceptual knowledge. Since multiplication skills are usually learned by rote, 
with both the problem and its solution represented in memory as a single unit 
(Campbell, 1999; Muller, 1999; Rickard & Bourne, 1996; Rickard et al., 1994), this 
facilitated the development of an automatic stimulus-response association for the test 
tasks (see, for example, Wenger, 1999). This assumption is supported by the high 
degree of accuracy on the test task in the training phase, and the low learning rate. 
As well as the automatic strengthening of the conceptual representations, Muller 
(1999) considers that there is a natural tendency to minimise the processing effort to 
master a task using cues presented in the environment. Under consistent task conditions, 
the cues aid performance by enabling the processing requirements of the task to be 
anticipated and loaded into working memory, facilitating an efficient response (Carlson 
& Yaure, 1990). Wenger and Carlson (1996) found evidence to indicate that this leads 
to task sequences being pre-processed before the corresponding information was 
actually displayed. This a concept shared by Gopher et al. (2000), who suggest that the 
ability to reduce the cost of shifting from one task to another can be overcome with 
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advanced preparation and having the information in working memory. With this in 
mind, it is likely that participants learned fairly quickly that the test task was simply a 
stimulus-response involving the six-times table. By having the processing information 
already available in working memory, the task requirements could be pre-empted and an 
efficient response made. Invoking a stimulus-response association facilitates the 
efficient use of working memory such that it reduces the need for controlled processing 
and allows fluent access to, and use of, task relevant information (Wenger & Carlson, 
1996). Indeed, the development of efficient processing is indicated by the improved 
performance speed of the test task in the training phase, described by the power 
functions. 
While the typical effects of practice under consistent task conditions may result 
in efficient performance, it also reinforces the integration of the internal representation 
of the task and the actual presented problem (Muller, 1999). In doing so, it restricts the 
useability of the acquired knowledge by suggesting that the automatic application of 
multiplication knowledge may be limited to tasks that are represented in a manner 
similar to that in which they were learned (Muller, 1999). In order to respond to a task 
that did not conform to an internal representation, a search process would need to be 
invoked for the most appropriate match, based on conceptual similarities. The degree of 
conceptual similarity can allow the presenting task to be reconfigured in a way that 
enables the use of existing skill-related knowledge (Muller, 1999). 
Arithmetic problems that are not learned in rote fashion would not have an 
internal representation that enables an automatic response (such as division and large 
multiplication problems). There is evidence to suggest that strategies are used to recast 
the task into a context that would enable the application of existing representations of 
multiplication knowledge (e.g., Campbell, 1997; Lefevre et al., 1996; Lefevre & 
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Morris, 1999; Siegler, 1988). This strategy would probably involve a stimulus­
evaluation-response process. While an evaluation sub-process enables a response to be 
generated using the basic multiplication facts stored in memory, it would lead to an 
increase in the load on working memory since any form of evaluation would require a 
degree of controlled processing (Wenger & Carlson, 1996). Consequently, the addition 
of an evaluation process would affect performance response time ( see, for example, 
Ericsson & Kintsch, 1995). 
Immediate Performance Disruption. During the training phase, the consistency 
of the task environment and the amount of practice would have reinforced the use of an 
automatic stimulus-response association toward the test task. The desire for efficient 
information processing probably led the participants to anticipate more problems of this 
nature (Carlson & Yaure, 1990; Wenger & Carlson, 1996). Such anticipation may have 
led to an Einstellung Effect, where the stimulus-response strategy was inappropriately 
applied to the distractor tasks (Woltz et al., 1996). While this strategy could have 
enabled a response for the Operand Change and Operand Reversal conditions, it would 
have been inappropriate to apply it to the Operation Change and Symbol Change 
conditions, which would have required the stimulus-evaluation-response strategy. This 
breaking of the mental set would have led to a re-evaluation of the overall test and 
distractor task requirements in the Operation Change and Symbol Change conditions. 
Thus, even though performance on a subsequent test task item would only have required 
a stimulus-response association, a stimulus-evaluation-response strategy may have been 
applied. This accounts for the immediate disruption on the test task observed in these 
two conditions, and is consistent with the a priori predictions that such a disruption 
should only have occurred in the Operation Change and Symbol Change conditions. 
Since the test and distractor tasks in the Operand Change and Operand Reversal 
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conditions were conceptually similar to one another, this similarity would not have 
prompted a re-assessment of the task conditions, enabling the sti mulus-re spon se 
association to be automatically applied. This proposition also accounts for the disruption 
noted by Speelman and Kirsner (under review}-the introduction of the new task may 
have broken the mental set, forcing a re-assessment of task requirements simply because 
the conceptual context had changed. 
Pro trac ted Performance Di srup ti on. Research has supported the existence of an 
overhead on trials that contain multiple processing rules when they are performed in a 
random order, in comparison to trials that contain a single rule presented in a consistent 
order (e.g., Carlson & Shin, 1996; Carlson & Yaure, 1990). This research has found 
evidence to suggest that, in the former case, because it is not possible to anticipate the 
requirements of an upcoming task, there is a need to alternate between the rules required 
to perform the task in working memory ( e.g., Carlson & Shin, 1996; Carlson & Y aure, 
1990; Gopher et al., 2000). Because of the need to coordinate these rules, these 
problems would be solved more slowly than problems requiring the repeated application 
of a single rule. 
In order to accommodate the move from a consistent task environment to one 
that included the random presentation of the test task and the distractor tasks in the 
Operation Change and Symbol Change conditions, both the sti mulus-respon se 
association and sti mulus-evaluati on-respon se strategies would have been alternated in 
working memory (see, for example, Carlson, Sullivan, & Schneider, 1989). 
Performance is moderated by the degree to which these two processes can be 
successfully coordinated in and out of working memory. This accounts for the increase 
in response time observed in these conditions because more resources would need to 
Effect of Conceptual Context on Skill Transfer 59 
have been allocated to managing these activities (Carlson et al., 1989; Gopher, et al., 
2000). 
Given the additional processing required to alternate rules in working memory 
and to manage the requirements of an evaluation component, it might be expected that 
participant performance on the test task in the Operation Change and Symbol Change 
conditions would have slowed and never improved. Indeed, Carlson et al. (1989) 
suggest that since the entire set of rules required to perform multiple tasks must be 
loaded into working memory, any similarity or overlap between them may lead to 
contextual interference. However, this study observed performance improvements in the 
Operation Change and Symbol Change conditions that are at odds with these factors. 
The improvement that occurred as participants gained more practice may be due to them 
overcoming the effects of interference. Shiffrin and Schneider ( 1977) propose one way 
in which participants could have overcome this interference. They found evidence to 
indicate that where the features of two stimuli are similar, controlled processing is 
required in order to distinguish between them. Any use of controlled processing 
involves a greater allocation of attentional resources than would be required for 
automatic processing. With further practice, distinguishing between the task features 
becomes more automatic, thus requiring fewer resources to attend to task requirements. 
This can account for the performance pattern in the Operation Change and Symbol 
Change conditions. Although initial transfer performance was disrupted in these 
conditions, subsequent practice brought about a gradual decrease in the amount of 
disruption. However, it is considered that the degree of difference between the test task 
and the distractor tasks was more apparent than in the Symbol Change condition, simply 
because of the marked disparity in the perceptual presentation of the stimuli and the 
arithmetic operator. This would have enabled participants to more easily discriminate 
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between the two tasks and process them independently. It is also possible that 
participants were more familiar with the division tasks because of previous arithmetic 
experience, and were therefore able to better recognise the test task than the distractor 
task in the Operation Change condition. Hence, this ability to discern between the 
requirements of these tasks may have reduced the degree of interference, and so account 
for the performance differences between these two conditions as well as the observed 
performance improvements in these conditions. 
While interference between the test and distractor items may have been possible 
in the Operation Change and Symbol Change conditions, it is unlikely that such a 
scenario would have occurred in the Operand Change condition-both tasks required 
simple stimulus-response associations of well-established multiplication knowledge. 
This association accounts for the lack of immediate disruption observed in this 
condition. However, although performance was not slowed, it failed to improve any 
further with practice, in accordance with power law predictions. This observation may 
be related to participants being unable to use a particular strategy they may have 
developed during the training phase. Although participants would have still been able to 
anticipate the subsequent problem as being table-related, and therefore engage in some 
degree of pre-processing (see, for example, Carlson et al., 1989), the random 
presentation of the test and distractor task may have inhibited the use of a particular 
type of strategy that has been proposed by Haider and Frensch ( 1996). They suggest 
that consistent presentation of stimuli enables people to engage in a strategy that 
discriminates between the relevant and redundant information, and attend only to the 
relevant. This is consistent with Muller's (1999) claims that people attempt to search 
for, and engage in, strategies that improve processing efficiency. Since all the problems 
in the training phase contained an operand of six, that information may have become 
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redundant. Participants would have expected a six-times table problem and could 
therefore pre-process this operand before it was presented--t-equiring them only to 
attend to the adjacent operator (see, for example, Wenger & Carlson, 1996) .  However, 
with the introduction of the distractor tasks they would have been unable to employ this 
strategy as a means of providing an efficient response, with both the operator and the 
operand for the test and distractor items needing to be attended to before an appropriate 
response could be made. The distractor items still allowed for sti mulus-respon se 
association, and as such it is not surprising that test task performance was not 
immediately disrupted. However needing to attend to both the operator and the operand 
in all instances would have inhibited the use of the training phase strategy as a means of 
further improving response time. This explanation may account for the lack of 
improvement in test task performance in the transfer phase, as well as being consistent 
with the relatively low rate of performance improvement observed in the distractor task 
in this condition. 
In the transfer phase of the Operand Reversal condition, although the distractor 
task was presented in a different order to the test task, they possessed an identical 
knowledge base. This is consistent with Rickard et al.'s (1994) study, where they found 
that these tasks access the same knowledge unit, resulting in complete transfer. Since 
there was minimal difference between the conceptual knowledge shared by the test and 
distractor items, and the context in which they were assessed, there would have been no 
reason to engage in other processes that might lead to an attentional overhead. Given 
this, it would not be expected that there would be any significant difference in the 
performance of the test and distractor tasks----nor was there one observed in this study. 
In spite of the range of factors that have been seen to relate to a protracted 
performance disruption, performance on the test task at the end of the transfer phase 
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was similar in all of the conditions. This illustrates that, regardless of the nature of the 
influence of the distractor tasks, or their impact on cognitive processing, participants 
were able to accommodate them to the extent that they had no differential impact on test 
task performance by the end of the transfer phase. 
Task Related Factors on Performance 
This study further supported the power law of practice for fact retrieval, with 
response time improving with practice in both the training phase and transfer phase 
according to a power function. However, separate power functions fitted to response 
times in both phases indicated that the rate of learning was low: training was between 
-0.1 5  to -0.2 1 ;  and transfer was between -0.02 to -0.10  (where zero indicates the 
asymptotic level has been reached). The multiplication facts used in the present study 
are cited as being so well established that they were simply a function of stimulus-­
response associations (e.g., Campbell, 1992, 1999; Wenger, 1999). As such, the greater 
proportion of the learning rates observed in this study is likely to reflect participants 
becoming familiar with the overall nature of the task, rather than improving their 
knowledge on multiplication facts per se or algorithmic processing strategies. 
Consequently, the amount of learning would probably reflect improvement in motor and 
perceptual skills associated with participants learning the demands of the experiment. In 
comparison, these values are less than the learning rates reported in Speelman and 
Kirsner's (under review) water analysis task (between -0.39 to -0.60). Although their 
water analysis task also drew on well-learned arithmetic skills, they included a 
component of algorithmic processing, which may account for the differences between 
these rates and those observed in this study. 
The learning rates for the test tasks in the transfer phase were considerably less 
(between -0.02 to -0.1 0) than those in the training phase. Since the contributions of 
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motor and perceptual components are constant across both phases, this difference 
indicates that the introduction of the distractor task changed the overall task conditions. 
This observation strengthens the argument that alternating between the test and 
distractor tasks in the transfer phase produces an overhead that reduces performance as 
well as lowering the learning rate. 
Accuracy on the test tasks was consistently high in all conditions, regardless of 
phase. Given that multiplication tables are learned with both the problem and its 
solution represented in memory as a single unit (Campbell, 1999; Muller, 1999; Rickard 
& Bourne, 1996; Rickard et al., 1994), this is not surprising. This is also in agreement 
with the findings of Speelman and Kirsner (under review), who found that performance 
accuracy was not affected by the introduction of novel tasks. Since this study supports 
Speelman and Kirsner's finding, it may be that any transfer disruption on well­
established skills is likely to be restricted to performance speed. 
The disruption to response times in the absence of a similar effect on accuracy 
was found in both this study and Speelman and Kirsner (under review). Given that the 
tasks employed in both studies were based on arithmetic knowledge, whether this effect 
extends to other skill domains needs to be explored. 
Theoretical Implications 
These findings and those of Speelman and Kirsner (under review) challenge 
some of the assumptions and conclusions of many current theories of skill acquisition 
and transfer. The extent to which a skill can be transferred to another domain requires a 
consideration of the context in which it is performed rather than the simple evaluation of 
previously acquired knowledge. This study has been able to demonstrate that it is 
inappropriate to only consider the manner in which skills were learned when 
determining their applicability to novel situations. Since this is one of the fundamental 
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assumptions of current transfer theories, this research and that of Speelman and Kirsner 
have implications for the current structure of these theories. 
Curren t Transfer Models. The nature of the tasks used in this study and the 
methodology employed were such that they would serve to prompt similar predictions 
from item-specific and item-general theories of skill transfer. Since the execution of the 
test task employed memory retrieval of fundamental skills instead of the application of 
algorithmic processing, direct comparisons between these two accounts were possible. 
Item-general theories such as Anderson's (1993) ACT-R would predict that 
transfer would be a function of the degree of overlap between the production rules 
shared by the two tasks. Alternatively, item-specific theories such as Logan's (1988) 
Instance Theory of Automaticity would predict that transfer would be a function of the 
degree of similarity between the specific stimuli contained in the two tasks. Given that 
the same test tasks were presented in an identical format in both phases, there should 
have been complete transfer under these accounts. Since this did not occur, these 
findings are clearly at odds with the predictions that would be made by theories based 
on item-specific and item-general accounts of transfer. However, since performance did 
not return to the level measured at the commencement of practice, some degree of 
transfer between the two tasks is evident. This indicates that while skills may be able to 
be transferred, they are sensitive to the context in which they are applied. 
Power Law of L earning. Theories that account for the process of skill 
acquisition seek mostly to explain the phenomenon of the power law of learning. Not 
only is the power function the basis for these theories, it is the method used by them to 
predict performance. However, a major implication of this research is that it questions 
the extent to which it is legitimate to extrapolate power functions derived from training 
performance to predict transfer performance. Many of these transfer predictions are 
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based on the implicit assumption that a change in task conditions from training to 
transfer would not affect performance (Speelman & Kirsner, under review). However, 
as this study has demonstrated, not only can there be an immediate disruption to 
predicted performance, there may also be an ongoing disruption that persists throughout 
the transfer phase simply as a consequence of the change in task conditions. 
A further assumption of power law predictions is that the performance 
difference noted between two tasks is related to the difference in the skills required to 
perform them (Speelman & Kirsner, under review). However, this divergence may not 
necessarily be indicative of the degree of difference between the skills required to 
perform the two tasks. Although the knowledge by which to apply skills may be 
available, this study has demonstrated that the ability to apply them in a different 
context may be impeded by conceptual factors. 
Empirical Con strain ts. An implication of this study's findings is related to the 
way in which skills are acquired in laboratory settings. Prior to assessing transfer 
performance, a skill is practiced extensively under controlled conditions until some 
degree of automatic performance is established, or the asymptote is reached ( e.g., 
Speelman & Kirsner, under review). Consequently, the ability to integrate the 
conceptual representations of a training task and transfer task may be restricted. This is 
further complicated by a mental set brought about through extensive practice under 
consistent task conditions, which may influence the transfer process and ultimately the 
assessment of transfer success. Indeed, the development of an Einstellung during the 
training phase of an experiment that is designed to test skill transfer is likely, since these 
studies generally include a degree of task repetition in order to establish a performance 
baseline upon which to measure transfer success. As such, the impact of an Einstellung 
effect is an important factor that needs to be considered by researchers investigating 
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skill transfer performance. Since the overhead produced by a conceptual change in the 
presentation context of a task is evident, this factor may explain some of the apparent 
confusion and contradiction between various skill theories ( e.g., item-specific and item­
general accounts). 
Conclusion 
This study demonstrated that the disruption noted by Speelman and Kirsner 
(under review) is a legitimate artefact of contextual changes, and an important overhead 
in skill transfer predictions. The nature of the task and the degree of control employed in 
the method of this study enabled a further clarification of this disruption, and provides 
an additional indication that power function extrapolations may not be relied upon as a 
valid description of predicted transfer performance. This poses a challenge to current 
transfer theories that have based their explanations on the predictions derived from the 
power law. It also demonstrates that a change in the conceptual context is a significant 
factor that affects the degree to which a skill may be transferred. Even though a person 
may possess the knowledge required to perform a skill, without the appropriate 
conceptual cues being present in the transfer environment, their application of the skill 
may be restricted. Thus, the extent of changes to the learning context may determine the 
degree to which transfer of the skill can take place. To the extent that an overhead is 
added by a change in the conceptual context, any predictions regarding performance of 
an established skill may be misleading. 
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Appendix A 
Operand Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 1 Training 2 Training 3 Training 4 Training 5 Training 6 Training 7 Training 8 Training 9 Training 10 Training 11 
1 3174 3216 1918 2646 2611 5261 2523 2768 3131 2504 2565 
2 3331 2482 3265 1991 3249 4181 1750 2196 1991 1545 1708 
3 3416 4634 4388 3579 4516 2257 4473 3296 2119 2889 3297 
4 4016 2839 2475 1628 1749 2395 2233 2069 1749 1689 1584 
5 3172 3497 2767 2441 2157 1632 2080 2338 1634 1754 1631 
6 5244 1849 1825 9071 1777 3978 4591 2442 4875 3011 
7 2135 1837 1951 1975 1916 3211 1836 1509 1842 1790 1289 
8 2787 2602 2361 3457 2970 2157 2564 2158 2243 2031 2201 
9 2397 2317 1564 1708 1384 1873 1583 1265 1585 1464 1947 
10 1709 1142 1057 1222 1779 1552 1177 1059 1220 1544 1994 
11 2761 10382 4910 2395 2273 2354 2803 1950 2986 2013 2357 
12 2561 2070 2476 1765 2559 3445 1910 2193 1791 1911 1461 
13 3529 1197 1543 1707 1342 1096 916 1241 893 835 
14 2443 2578 20~8 1629 3250 1546 1687 2235 3003 2358 1544 
15 3044 2190 2680 2393 2681 1764 1585 2330 1870 1909 1626 
16 1768 2072 1665 2015 1539 2415 2718 2111 1806 1543 1521 
17 4800 3868 3019 2805 2774 2242 2165 2282 1919 2241 2344 
18 2313 2194 2357 1951 1667 1744 1502 1201 1585 2197 1950 
19 1770 2194 1748 170i' 1383 2071 1384 1380 1752 1420 1422 
20 2079 2171 1997 1742 1910 2439 2113 3167 2601 1911 1828 
Blanks indicate incorrect responses 
A.2 
Appendix A 
Operand Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 12 Training 13 Training 14 Training 15 Training 16 Training 17 Training 18 Training 19 Training 20 Training 21 Training 22 
1 1794 2160 2850 2261 3701 4472 2078 2894 1872 2158 1839 
2 2155 1461 1548 2117 1483 2114 1988 1544 1565 1423 1644 
3 5882 2159 3192 2443 1876 1752 2039 2921 3317 3050 1916 
4 1707 1869 1441 1748 1627 1422 2113 1380 1670 1461 2031 
5 1995 1406 2929 1895 1752 2240 2361 2119 1304 1381 1635 
6 1633 2684 1672 3742 2074 2808 2562 2117 4674 5158 1429 
7 1633 2197 1812 1595 1341 1224 2077 1632 1795 1872 1499 
8 2804 2561 2297 2199 3214 2155 1918 2277 2809 1917 1709 
9 1828 1565 1401 1827 1505 1384 1258 1344 1381 1468 1301 
10 1343 1400 1565 1628 1728 1137 1950 2248 1751 1505 1500 
11 2233 3167 2622 2194 1888 1750 2640 2112 1588 2437 
12 1546 1419 2033 2395 1948 2478 1704 2130 1625 1582 2192 
13 2231 1342 1177 976 1138 1097 1258 899 1137 955 
14 1545 1382 1908 1951 1588 1828 1461 1546 1934 1706 1688 
15 1714 1662 3445 1666 3064 1669 1910 1709 2113 1626 1630 
16 2640 1972 1722 1543 1708 1781 1790 1671 1259 1550 1256 
17 1962 2128 2061 2383 2729 2485 4354 2405 2730 2308 2771 
18 1744 2520 1623 1264 2072 1702 1586 2029 1221 1384 1344 
19 1749 1421 1421 1301 1097 1241 1463 1299 1261 1424 1144 
20 1951 1950 2086 1705 1909 1768 1792 1829 1813 1830 1867 
Blank<; indicate incorrect responses 
A.3 
Appendix A 
Operand Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 23 Training 24 Training 25 Training 26 Training 27 Training 28 Training 29 Training 30 Training 31 Training 32 Training 33 
1 2438 1995 1834 1754 2524 1949 4220 2037 1833 2280 1796 
2 2275 1994 1380 1484 1382 1362 1382 1671 1480 1381 1345 
3 1793 2201 3538 1795 2386 1972 1710 2281 1833 2362 1651 
4 1382 1709 1422 1424 2311 1442 1748 1548 2315 1667 1552 
5 1996 2845 1751 1649 1547 1466 1469 1103 982 1588 1549 
6 1774 1995 2074 1596 2362 2037 1710 1631 3984 2282 1625 
7 2321 1467 1956 4248 1385 1835 1916 1630 1427 2178 1427 
8 1790 2074 2160 1953 2076 2157 2159 1871 1754 2402 1706 
9 1183 1139 1182 1179 1305 1242 1347 1340 1543 1061 1138 
10 2116 1782 3493 1424 1909 1788 1304 1344 1827 1181 1147 
11 2483 5593 2343 3290 3473 3388 2963 2961 5844 2525 
12 1505 1501 1544 1178 1745 1345 2032 1378 1424 1302 1470 
13 1178 976 897 936 1343 1019 852 1017 833 734 734 
14 2397 2070 1527 1305 1422 1767 1870 1545 1707 1343 
15 2314 1462 1748 1831 1442 1505 1831 1507 2109 1545 1384 
16 2475 1499 1445 1622 1423 1502 1705 1545 2314 1669 1382 
17 2241 2365 2081 2364 2386 2695 2322 2164 2601 1922 2167 
18 1260 1663 1707 1464 1357 1295 1541 1583 2132 1749 1504 
19 1297 1101 1276 1158 1139 2802 1140 1218 1179 1221 1261 
20 1872 1831 1744 1750 1710 1669 1566 1544 1645 1908 1665 
Blanks indicate incorrect responses 
-A.4 
Appendix A 
Operand Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 34 Training 35 Training 36 Training 37 Training 38 Trainln!J 39 Training 40 Training 41 Training 42 Training 43 Training 44 
1 1669 1812 2200 1670 2855 2481 3577 2283 2038 3297 2240 
2 1807 1420 1584 1465 1746 1425 1870 1299 1505 2174 1342 
3 1469 1671 1631 2201 4492 2564 1590 1550 1486 2726 2158 
4 2024 1711 1587 1463 1503 1748 1342 1439 2171 1444 1507 
5 1285 941 1796 1891 1514 1261 1041 1588 1629 2705 1589 
6 1467 1265 2093 1428 1529 1551 1754 1388 2075 
7 1428 1630 1405 1282 1346 1306 1426 1225 1427 1307 1326 
8 2038 1949 1632 1875 2565 2199 1956 1956 2138 1878 1832 
9 1100 1020 1056 1077 1222 518 570 1103 2443 1952 2150 
10 1497 1041 1534 1160 1198 1363 1260 1383 1118 1201 1345 
11 1911 2803 3167 3000 1584 2360 3369 1834 4338 
12 1377 1501 1159 1060 1744 1382 1510 1499 1422 1460 1403 
13 895 815 895 896 857 852 854 855 857 
14 1263 2636 1584 1810 1668 2072 1292 1342 1504 1341 1587 
15 1467 1223 1546 1385 1831 1466 1827 1627 1751 1948 1380 
16 1359 1667 1561 1627 1386 2675 1746 1788 1533 1891 
17 2001 2976 2162 1806 1837 2166 2201 2167 2161 3214 1845 
18 2113 1422 1668 1383 1666 1341 1505 1627 1626 1250 1627 
19 1629 1256 1381 1302 1340 2357 1098 1297 1138 1018 1502 
20 1419 1628 1955 1499 1834 1820 1829 1684 1504 1990 1547 
Blanks indicate incorrect responses 
A.5 
Appendix A 
Operand Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 45 Training 46 Training 47 Training 48 Training 49 Training 50 Training 51 Training 52 Training 53 Training 54 Training 55 
1 2281 2809 1833 2282 2930 1916 1838 2036 2666 1833 1999 
2 1337 2392 1260 1301 1199 1222 1444 1344 1545 1422 1181 
3 2281 1489 2401 1793 2079 2041 1546 1494 1487 1591 1715 
4 1664 1586 2113 1507 1302 1180 1707 1098 1361 1423 1625 
5 1790 2806 1305 1186 1305 1709 1691 1507 1751 1063 1387 
6 2647 3089 1791 1751 3070 1184 1185 1955 1385 
7 1588 1266 1345 1431 1469 1447 1228 1511 1303 1551 1690 
8 2364 1876 1833 1729 1711 1795 2323 1748 1791 1913 1890 
9 1223 1339 1745 1263 1093 1184 1582 1463 1422 1791 1342 
10 1667 1300 1101 1037 1101 976 1179 1383 979 1016 1466 
11 3370 2602 2049 2561 2315 2274 5312 1789 2437 2437 
12 1178 1482 1562 1340 1544 1422 1828 1826 1424 1260 1178 
13 852 814 815 734 1019 774 976 694 938 991 856 
14 1530 1381 2114 2336 1382 1504 1303 1706 1466 1342 1323 
15 1667 1425 1926 1991 1870 2636 1425 2009 1666 1506 1402 
16 3246 1851 1277 1604 1546 1503 1466 1564 1542 1425 1527 
17 1924 2442 1926 2736 2007 2160 1961 3620 1678 2325 1801 
i8 1522 1381 4075 2480 1219 1440 1871 1547 1546 1264 1320 
19 1139 1017 1179 1180 1144 1216 1100 1098 1139 1058 1180 
20 1787 1868 1606 2355 1872 1952 1706 1871 1746 1828 1832 
Blanks indicate incorrect responses 
A.6 
Appendix A 
Operand Change Training and Transfer Phases Test Task Item Data ('lls) 
Participant Training 56 Training 57 Training 58 Training 59 Traiiil!'lg 60 Tra;ining 61 Training 62 Training 63 Training 64 Training 65 Training 66 
1 2526 1954 6663 1631 2200 1712 2895 2159 1794 1793 2036 
2 1426 1302 1260 1789 1386 1218 1381 1464 1424 1422 
3 1348 1977 1916 1753 1429 1629 1631 2403 3617 3173 1631 
4 1625 3974 2352 2193 1388 3058 1381 1482 1851 324~' 
5 1346 2035 1346 1105 1143 1532 1424 1671 3215 1062 1509 
6 4796 1182 1793 1307 1226 1423 1916 1306 2606 
7 1248 1753 1266 1344 1347 1467 1469 1833 1388 1184 942 
8 i955 1670 1711 1750 1628 1688 1878 2276 1878 2399 2202 
9 1220 1220 1221 1019 1219 1180 1180 1184 1139 1062 1017 
10 1060 1016 1020 1986 1510 1671 1056 1223 1198 1254 1264 
11 2760 2317 2642 2153 4587 1831 1955 35Bg 1830 3774 
12 1421 1278 1141 1726 1339 1219 1054 1300 1425 1387 1315 
13 975 935 898 1014 936 819 813 812 778 894 773 
14 1363 1302 1222 1258 1383 1322 1426 1751 1624 1262 1746 
15 2394 1950 1545 1587 1426 1990 1545 1708 1506 1586 1711 
16 1868 1602 1705 1301 3386 2842 1829 2454 1951 1705 
17 1964 2775 2322 2086 1976 1962 2282 1878 1879 2163 1716 
18 1343 2759 2721 1889 1301 1525 1262 2011 1382 1381 1566 
19 1180 11 01 955 981 1094 1157 1019 994 913 977 1587 
20 1663 2156 1867 1832 1750 1420 1747 2594 2360 1340 1751 
Blank<; indicale incorrect responses 
A.7 
Appendix A 
Operand Change Training and Transfer Phases Test Task Item Data (ins) 
Particlpc:mt Training 67 Training 68 Training 69 Training 70 Training 71 Training 72 Transfer 1 Transfer 2 Transfer 3 Transfer 4 Transfer 5 
1 1629 1997 2362 1998 1959 2888 1953 1833 2527 2117 1975 
2 1222 1464 1198 1184 1139 1260 1060 1587 1381 1670 1221 
3 2159 2570 1547 1712 1896 1852 1957 2240 1996 1590 2948 
4 1627 2035 1258 1710 1828 1827 2192 1508 1587 1585 1622 
5 1467 1710 1629 1427 1072 934 1750 1833 2849 1833 3274 
6 3496 5320 1510 1467 2077 2401 1818 1833 1797 1668 1404 
7 1306 1266 1325 1347 1105 1307 1876 1434 1386 2056 1713 
8 2156 2038 2039 1913 2179 2524 1794 2445 1956 1932 2000 
9 1304 955 1223 1750 1135 1163 1300 1345 1099 1181 1181 
10 1181 936 1585 690 1261 1058 1019 1507 1385 1C'57 1261 
11 1629 2032 2356 2278 1928 1705 1747 2479 2074 i626 1527 
12 1500 1359 1138 1219 1340 1502 1220 1131 1223 2555 1261 
13 897 816 796 855 792 690 900 735 776 777 
14 1140 1446 2115 1319 1607 2151 1465 1182 1423 1667 1241 
15 1543 1506 1707 1325 1585 1425 1629 2006 2152 1950 1506 
16 1906 1342 1709 1728 1911 4418 1683 1869 1872 1584 1240 
17 1959 1959 3095 2164 2167 2085 2181 2593 2533 2249 
18 1765 1747 1382 1463 1386 1478 1355 1583 2680 1727 1463 
19 1019 1386 1016 1427 973 1021 1097 1058 937 1260 1159 
20 1782 1911 1384 1363 1383 1418 1383 3078 2278 2154 
Blanks indicate incorrect responses 
A.8 
Appendix A 
Operand Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Transfer 6 Transfer 7 Transfer 8 Transfer 9 Transfer 10 Transfer 11 Transfer 12 Transfer 13 Transfer 14 Transfer 15 Transfer 16 
1 2038 2485 2037 2401 3679 4672 1876 3011 2041 2077 2459 
2 1182 1354 1341 1182 1421 1098 1346 1463 1119 1221 1421 
3 1629 6500 1510 2746 4187 1469 1590 2159 2176 2157 1910 
4 2154 1868 2192 2274 1545 1748 9234 2599 2599 1888 2092 
5 2365 2745 1828 1185 1230 1182 2158 1832 1163 1997 2604 
6 2723 1467 1186 3416 2725 1227 1548 1677 2158 1183 
7 1592 1347 1550 1507 1386 1467 2320 1346 1753 1671 1102 
8 2033 1831 2133 1955 1772 1836 1836 1947 1855 1871 1832 
9 1148 1237 1264 1137 2010 1444 1219 1263 1543 1426 1300 
10 1141 1015 121'8 1142 1995 1180 1344 1110 1502 1344 
11 1831 1385 2116 1868 1953 3216 1525 1872 3575 1666 3859 
12 2435 1664 2274 2756 1708 1379 1340 1423 1465 1625 1221 
13 773 812 856 775 718 997 1182 893 853 774 
14 1848 1261 1547 1584 1549 1142 1379 1238 1787 1224 1360 
15 2193 1465 1730 1664 1748 2355 1627 1668 1863 1989 2112 
16 1182 1420 1340 1056 2878 1463 1990 1784 2192 1646 
17 2854 2403 1881 1757 2385 2609 2329 1879 1838 1881 1777 
18 1283 1258 2923 1589 1360 1466 1564 1303 1624 1869 1383 
19 1117 896 1343 1061 1243 978 856 1002 1482 1140 1423 
20 1849 1789 1710 1870 1751 1869 1484 1626 1750 2192 1666 
Blank._r; indicate incorrect responses 
A.9 
Appendix A 
Operand Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Transfer 17 Transfer 18 Transfer 19 Transfer 20 Transfer 21 Transfer 22 Transfer 23 Transfer 24 Transf~r 25 Transfer 26 Transfer 27 
1 2930 2040 5161 2438 1920 1999 2383 2036 2728 2726 2605 
2 1666 1332 1321 1181 1143 1158 2154 1301 1220 1139 1160 
3 2200 2078 4433 1994 2604 1815 3212 2200 1893 1792 1876 
4 2436 1911 1711 1545 1383 1382 1581 1545 1710 1791 2352 
5 2054 1590 2241 1350 1828 2078 1512 1856 1791 1450 1347 
6 1470 1223 1351 2595 1225 1463 1553 1225 2240 
7 2138 1518 2438 1511 1569 1110 1183 1325 1285 1467 1388 
8 1835 2318 1997 1708 2120 2196 1913 1795 2712 2194 1631 
9 1588 1345 1381 1830 1241 2066 1222 1421 2072 2151 
10 1138 978 1102 1261 1257 1365 1302 1339 1385 1142 
11 1546 1463 1280 1669 1300 1547 1548 2518 1424 1995 1585 
12 1279 1341 2115 1484 1746 1076 1522 1543 1181 1462 1219 
13 775 734 732 894 873 752 856 695 673 853 
14 1060 1216 1546 1262 1667 1220 1300 1103 1705 1545 2153 
15 1262 1585 1382 1587 1750 2110 1968 2109 1708 2657 1300 
16 1420 1139 5152 3468 1830 1"/50 1584 2637 3964 1461 1505 
17 1939 2003 1969 1857 1774 1878 2205 2286 2006 2043 2367 
18 1343 2112 2151 1424 1931 2235 1749 1136 1180 1538 1712 
19 1177 1223 1100 1263 977 1139 897 1180 1261 1143 1139 
20 2158 1606 1909 1873 1869 1789 1868 1744 2240 1916 1420 
Blanks indicate incorrect responses 
A.IO 
Appendix A 
Operand Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Transfer 28 Transfer 29 Transfer 30 Transfer 31 Transfer 32 Transfer 33 Transfer 34 Transfer 35 Transfer 36 Transfer 37 Transfer 38 
1 2076 2197 2322 1873 1792 1796 2231 1979 2605 2884 3008 
2 1386 1097 1059 1059 1345 1137 1302 1466 1221 1226 1097 
3 1974 4352 2118 1996 1750 1835 1916 1750 2323 1957 2240 
4 1382 1908 1301 1259 1587 2633 4015 1301 1586 1667 2196 
5 1952 1265 1512 1915 2561 2805 3254 3262 1919 2240 1225 
6 1752 1466 1548 2524 1893 1953 1794 1711 1408 
7 1143 1205 1321 1224 1107 1346 1267 1730 2220 1327 1265 
8 1791 2036 1754 1837 1918 2436 1751 1995 3495 2082 1706 
e 1184 1668 3223 1304 1831 1868 1631 1179 1424 1340 1607 
10 1482 1197 1668 1787 1304 1183 1138 1140 1057 1097 
11 1217 2681 1264 2199 1142 2396 1141 1505 1566 2476 1220 
12 1~21 1340 1217 1422 1983 1785 1502 1379 1504 1098 1461 
13 816 833 B52 813 815 1297 815 853 756 752 816 
14 1952 1548 1443 2035 1469 1383 1546 1183 1341 1529 1259 
15 2193 1629 1556 1990 2071 1529 1789 1385 1766 3044 1828 
16 2677 2232 2389 1665 1583 1744 2311 1340 138~ 1787 
17 2161 1857 1778 1959 2208 2897 2651 2771 4133 3338 2974 
18 1583 1832 1377 1748 2235 1505 2681 1261 1789 1664 2359 
19 1061 1139 1139 1220 1238 1058 977 1101 1016 960 894 
20 1872 1461 1832 1668 1688 2072 1994 1500 1506 2053 2396 
Blanks indicate incorrect responses 
A. II 
Appendix A 
Operand Change Training and Tra·J.sfer Phases Test Task Item Data (ms) 
Participant Transfer 39 Transfer 40 Transfer 41 Transfer 42 Transfer 43 Transfer 44 Transfer 45 Transfer 46 Transfer 47 Transfer 48 Transfer 49 
1 2488 2356 1752 1874 1877 2647 2202 2443 2565 2177 2894 
2 1094 1223 1183 1241 2152 1181 1302 1321 1141 1342 1624 
3 2159 1630 1672 1630 1753 1551 2038 1793 2218 1800 1955 
4 2271 1750 1342 1383 3240 2396 1465 2155 3972 3044 2151 
5 1752 2200 1668 1811 3050 1548 1875 1346 1591 1469 2664 
6 1385 1263 1827 1548 1183 1390 1672 1326 1791 3213 
7 1225 1712 1552 1509 1431 1227 1915 1427 1424 1306 1632 
8 1918 1707 1772 1997 2439 2360 2197 2158 2239 1953 2564 
9 2010 1731 1299 1464 1581 1381 1505 1380 1462 1383 ~343 
10 1438 1807 1258 1789 1260 1017 1181 1871 2070 1216 1259 
11 1281 1668 2760 1524 1325 1340 1713 1496 1202 1343 1379 
12 1136 1221 1176 1132 1179 1440 1299 1220 1219 1179 1787 
13 621 1072 1220 895 818 812 812 895 733 816 1118 
14 1466 1627 1463 1099 1220 2396 1827 2071 2253 1446 1220 
15 1345 1930 2496 1344 2475 1183 1261 1789 1632 1625 1258 
16 2755 1383 1362 1061 1662 1178 913 1422 1381 1828 3448 
17 4005 2259 2285 1999 2001 1517 2077 2335 2243 1920 2120 
18 1667 2559 1870 2294 2316 1423 1712 1686 1425 2638 2214 
19 897 857 1459 974 1060 937 1221 936 1036 1057 1057 
20 1729 1663 1794 1705 1383 1789 1421 1623 1443 1834 1786 
B/ank<i indicate incorrect responses 
A.l2 
Appendix A 
Operand Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Transfer 50 Transfer 51 Transfer 52 Transfer 53 Transfer 54 Transfer 55 Transfer 56 Transfer 57 Transfer 58 Transfer 59 Transfer 60 
1 1869 1876 1775 1688 1671 2483 1713 1833 1755 1528 1691 
2 1235 1160 1383 1181 1301 1201 1060 1361 1179 1502 1259 
3 1915 2061 2115 2320 1836 2768 2244 2019 2691 2363 2613 
4 2071 2071 2071 1832 1464 2196 1381 1830 1527 1260 1671 
5 2017 1590 1549 1104 1670 2725 1833 2850 1715 2277 2967 
6 2806 1265 2156 1598 1551 3332 2075 1305 
7 1327 1469 1262 2649 1796 1228 1388 1184 1386 2039 1833 
8 1731 1793 2157 2218 1632 2399 1852 1870 1748 1589 1508 
9 1141 1585 1507 1546 1404 1829 1181 1341 1547 1220 1465 
10 1426 1262 1218 939 1221 1239 1507 3287 1663 
11 2357 1996 1383 2115 1952 1666 1788 1751 1643 1832 1666 
12 1418 1180 1502 1463 1465 1382 1380 1585 1407 1866 2114 
13 856 857 694 893 733 776 975 735 1018 771 777 
14 1180 1:~,;.3 1100 1261 1321 2316 1096 1221 1261 1219 1183 
15 1664 1464 2314 1384 1670 3261 1426 2031 1344 1906 1404 
16 1624 1825 1665 1784 1382 1342 1302 1260 6488 3366 1421 
17 1958 2045 1458 2004 2572 1678 1640 1638 2247 2050 1996 
18 1634 1462 1443 1102 3208 1421 1344 1543 1177 1546 1993 
19 940 854 1186 857 979 1020 1039 938 937 937 1018 
20 1544 2154 1705 1715 2194 1647 1871 1582 2680 1464 1751 
Blanks indicate incorreL'I responses 
A.l3 
Appendix A 
Operand Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Transfer 61 Transfer 62 Transfer 63 Transfer 64 Transfer 65 Transfer 66 Transfer 67 Transfer 68 Transfer 69 Transfer 70 Transfer 71 Transfer 72 
1 2239 1873 1595 1669 1833 1733 2037 2327 2521 1955 1914 1956 
2 2482 1268 1262 1196 1706 1445 1221 1157 1221 1140 1300 1219 
3 2704 2121 2139 2079 1833 1992 1974 1711 1996 2609 1991 1832 
4 2274 3454 1910 1667 1382 2599 1258 2073 1546 1589 1342 1259 
5 2764 2197 1875 2562 2158 1794 2320 2159 2681 4183 3293 2763 
6 1552 1264 1003 1163 1225 1023 1386 1386 1367 1184 1595 1588 
7 1230 1546 ~913 1591 1634 2524 1104 1165 1184 1185 2243 1911 
8 1918 1912 1713 1429 1407 1791 1709 1752 1528 1427 1749 1875 
9 1058 1142 1304 H43 1179 1298 2317 1669 1726 1622 1833 1381 
10 1340 1954 1302 2029 1262 ::'032 2274 1547 1058 1140 1913 
11 1342 1666 3084 1383 1458 1951 3249 1994 1340 1178 4302 1423 
12 1544 1463 1462 1422 1543 1603 1505 1380 1219 1017 1176 1378 
13 673 855 737 734 733 732 816 698 936 
14 1417 1339 1607 1499 1758 1546 1508 1623 1304 1422 1465 1341 
15 2356 1544 1181 1951 1507 1991 3084 3308 2310 1768 2762 
16 1140 1182 1161 1257 1102 1669 1339 857 1139 1198 1016 1099 
17 2118 1917 1759 1758 2202 1922 2530 2367 1800 2812 2365 782 
18 2071 1504 1665 1344 2115 2478 2073 1789 1584 1259 1748 2071 
19 1709 997 1181 1216 1724 1219 1018 1017 954 1220 1076 937 
20 2317 1543 1749 1664 1625 1425 1687 1705 2055 2070 1389 1343 
Blanks indicate incorrect responses 
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B.1 
Appendix B 
Operand Reversal Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 1 Training 2 Training 3 Training 4 Training 5 Training 6 Training 7 Training 8 Training 9 Training 10 Training 11 
1 2442 1752 2417 2035 1590 3004 3738 2279 2134 1955 2257 
2 2278 2403 1754 1469 2443 1592 1632 1470 1428 5646 
3 5802 5394 4502 4986 6371 4260 3992 
4 1990 2680 2273 2776 1748 2074 1628 2845 1585 1504 1767 
5 2439 6570 2963 2193 2092 5962 2963 2317 2031 1913 2596 
6 1949 2521 2197 1585 2114 1510 1996 2114 1662 1425 3209 
7 1464 2233 1425 1947 1990 2757 2030 2859 1722 1787 1585 
8 2677 1710 2149 1667 2071 1484 2151 1745 1629 1665 1729 
9 6597 1951 1709 2112 2030 2193 2354 4056 1748 2030 
10 1788 1785 1950 1993 1563 1746 1482 1421 1948 1871 
11 2319 1988 2353 1991 2113 2474 2532 2011 2314 2073 1546 
12 4423 3586 1791 1907 2114 1707 1505 2434 3852 1446 1987 
13 4218 2794 3855 7213 3934 1867 2354 2230 2597 2235 2354 
14 1908 1705 1971 1703 2376 1665 1543 1342 1521 1703 2093 
15 2534 1180 2276 1301 1949 3448 1627 2921 2563 1463 2395 
16 2154 1262 3850 2273 2557 2560 2031 1869 1506 1747 1746 
17 3005 2314 1850 2090 1869 2055 1868 1399 1707 1910 
18 2520 1951 2157 2193 1666 2275 2439 1872 1182 1828 
19 5766 4583 3144 2115 3284 3587 3124 2554 
20 2073 2519 1871 2921 2108 4017 2032 2743 2150 1751 4096 
Blanks indicate incorrect responses 
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B.2 
Appendix B 
Operand Reversal Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 12 Training 13 Training 14 Training 15 Training 16 Training 17 Training 18 Training 19 Training 20 Training 21 Training 22 
1 2137 2277 2198 1792 4177 2056 1710 2237 3536 3372 2035 
2 2443 1448 4591 2244 1365 1226 1225 1146 1388 1024 1063 
3 6570 4258 3655 4175 4793 2592 3251 4218 
4 1667 1791 1422 1656 1305 1792 1543 2071 3086 1423 1583 
5 2320 3225 1871 2273 2599 1931 2195 2052 2964 2074 1950 
6 1446 1419 1383 1628 1218 1384 1240 1463 1670 1662 
7 1828 1988 2474 1885 1990 3384 2274 1521 1505 2033 1870 
8 2029 1545 2393 1605 2214 1626 1462 1708 1688 1586 2352 
9 1501 2314 1748 2372 1789 1261 1669 1217 2074 1218 
10 1176 1827 1703 1155 1182 1116 1097 1383 1319 1342 1503 
11 2110 1624 1708 1547 1377 1627 1543 1623 2112 2233 1420 
12 1905 1789 1468 1907 1384 1502 1342 1420 1666 1219 1402 
13 3041 2800 3040 2718 3224 1503 2764 1824 1748 1874 1863 
14 1501 1704 3242 2194 1342 2188 2637 2011 1581 2013 1663 
15 1748 2073 2029 2291 1788 1747 1341 1951 1301 1788 2312 
16 1665 2315 3863 1377 2922 4462 1628 1748 2682 1867 1624 
17 3976 2112 5048 1665 1949 2093 1585 1625 1502 3088 1751 
18 1239 1508 2314 1140 1649 1303 1461 1909 1646 1608 1220 
19 2030 1788 2698 1872 1951 1790 1749 1869 1561 1748 2762 
20 1587 1384 2314 2073 1991 2357 1505 1604 1507 1628 1466 
Blanks indicate incorrect responses 
B.3 
Appendix B 
Operand Reversal Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 23 Training 24 Training 25 Training 26 Training 27 Training 28 Training 29 Training 30 Training 31 Training 32 Training 33 
1 2033 2075 1569 1791 1709 2968 1425 2481 1547 3212 1711 
2 2282 1040 1508 2118 1223 1771 2487 1506 1064 1591 
3 5471 2557 2155 5007 2479 5313 2517 4137 2032 4298 4786 
4 1709 2230 1301 1221 1466 1705 1683 1788 1903 1503 1342 
5 1831 1993 1830 2477 4781 1631 1868 1705 1789 2154 1506 
6 1262 1261 1160 1707 2074 1630 1588 1464 1383 1341 2074 
7 3202 1665 1708 1544 1950 1985 1607 2001 2638 
8 1380 1541 2883 1987 1707 1665 1631 1822 1910 2313 1385 
9 1382 2396 1908 1382 1382 2275 1546 2271 5676 1341 
10 1582 1261 1340 1321 2016 1424 1299 1261 1303 1301 1181 
11 1301 1794 1298 1422 1259 1345 1279 1139 1058 1361 1263 
12 2272 1991 2216 1664 2109 1789 2636 1990 1383 1581 1344 
13 1831 2515 2030 2152 1585 2032 2071 1950 2190 3573 1543 
14 1222 1262 3041 1705 2194 1263 1787 1746 1948 1537 1341 
15 1583 2074 1502 1464 1177 2113 1586 1625 1219 1101 1570 
16 2315 1543 2313 2233 2115 1708 2150 1543 1710 1642 1668 
17 2107 1602 1463 1790 1384 1465 2294 2476 1982 1784 1669 
18 1994 1627 1585 1506 1790 1424 1422 1828 1302 1910 
19 2274 3002 1706 1749 1907 2642 2843 1420 1706 2196 1906 
20 1502 1546 1383 1546 1344 1790 1605 1447 1588 2073 1279 
Blanks indicat'e incorrect responses 
B.4 
Appendix B 
Operand Reversal Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 34 Training 35 Training 36 Training 37 Training 38 Training 39 Training 40 Training 41 Training 42 Training 43 Training 44 
1 2563 1586 3697 1994 2035 1896 1992 1630 1629 2559 1424 
2 1512 2159 1429 1774 1306 1997 1265 1144 986 1103 2929 
3 2034 3609 1995 3933 6565 3047 3326 1831 2457 2517 
4 227'-2 1359 1824 1340 2318 1298 2196 1220 1419 1643 
5 1806 1787 1892 1906 1067 1551 1905 3126 1934 2437 3814 
6 1688 1832 1506 1870 3976 1422 2074 1424 2561 1300 2133 
7 2168 1625 4633 5513 1703 2357 2595 2614 1950 2595 
8 1562 1590 1783 3367 1544 1543 1780 1582 2233 2720 1746 
9 6709 1790 2556 1422 1383 1587 3694 1141 1826 1379 
10 1140 1260 1036 105£ 1180 1182 1096 1139 1075 1185 1094 
11 1381 1177 1501 1179 1302 1180 1140 1260 1155 1461 1161 
12 1462 1420 1543 1301 1629 1378 1221 1948 1300 2109 1343 
13 1562 1789 1423 2035 1496 1992 1481 1871 1704 1624 1781 
14 2316 2316 1625 1942 1903 3247 1423 1991 1625 2519 2840 
15 2187 1341 150"1 1501 1304 1544 1380 1425 1343 1140 1260 
16 1990 1CJBO 2799 2010 1828 2193 2357 2149 2519 1339 
17 1625 1543 1382 1260 1546 1423 1340 1343 1709 1302 2007 
18 1747 1348 1540 1701 1386 1706 1543 1078 1303 1589 1038 
19 1911 1400 1'-261 1912 1301 2193 2051 1627 1665 1829 1583 
20 1198 1342 1279 1505 1304 1199 1180 1341 1226 1095 ~~112 
Blank<> indicate incorrect responses 
B.5 
Appendix B 
Operand Reversal Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 45 Training 46 TraLJing 47 Training 48 Training 49 Training 50 Training 51 Training 52 Training 53 Training 54 Training 55 
1 2482 2195 2643 1994 1953 2074 2439 2540 1504 3414 2763 
2 1508 1144 1225 3375 1475 1670 2240 1591 1186 1245 
3 2661 1668 2275 1665 2032 1830 2296 1910 1850 1619 1547 
4 1866 1237 1018 1804 1505 2880 1221 1423 1382 1788 1747 
5 5232 3328 2438 2315 4221 2803 626 2438 1666 2453 2.273 
6 1750 1218 2678 1423 1748 !92 1506 1301 2355 1261 
7 2091 2761 2757 1847 3409 1626 2475 1708 2472 1669 1661 
8 5594 1889 1926 1670 1257 1586 2070 1747 1868 2596 1358 
9 1589 1506 4299 "1629 5150 1990 5187 1583 1504 1668 
10 1263 1017 1140 1139 1077 1058 1138 980 1015 898 1113 
11 1422 1839 1665 1384 1543 1502 1992 1586 1343 1220 1140 
12 1419 1578 1399 1340 1424 1176 1223 1458 1546 1299 1969 
13 1396 1623 1543 1748 1540 1829 1619 1462 1746 1283 1380 
14 1299 1906 1180 1179 1119 1019 1240 1180 1585 .:4~-g 
15 1342 1520 1385 1705 1445 1769 1261 1743 1710 1259 1259 
16 1706 2576 1628 1603 1870 1504 ~646 1179 1769 1704 2962 
17 1548 2315 1870 1950 1582 1870 1341 1675 1577 1953 1747 
18 1100 1505 1221 979 1318 1788 1279 1928 1118 1221 
19 1261 2520 1664 1585 1340 1745 2160 2839 1222 2232 
20 1260 1726 1180 1829 1305 1462 1179 1181 1261 1059 1142 
Blank'\ indicat(! iucorr(!cJ responses 
8.6 
Appendix B 
Operand Reversal Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 56 Training 57 Training 58 Training 59 Training 60 Training 61 Training 62 Training 63 Training 64 Training 65 Training 66 
1 1222 1510 1711 2240 2156 3209 1834 2199 2480 1693 2378 
2 1527 1470 1164 1389 1265 925 1997 4306 2484 1793 2441 
3 1993 1624 1379 1586 2355 2474 3609 2438 3226 1748 
4 1422 1548 1460 1625 1910 1198 1062 851 1466 1217 1670 
5 1587 1931 2844 3003 2232 3087 4869 2277 1950 1547 2112 
6 2054 1098 1827 1663 2194 1586 1213 1912 1951 1664 
7 1542 1909 2233 2192 1788 1762 1670 1683 1424 1545 1769 
8 1952 1665 3201 1725 1236 1629 1664 1706 1869 1790 1584 
9 2718 1340 2639 1567 1258 2761 1360 3363 3449 1387 2475 
10 1180 1140 1240 978 1018 1096 1262 1077 1139 1058 1098 
11 1257 1441 1219 976 1016 1278 1465 2273 1580 1158 1263 
12 1223 3729 1548 1279 1549 1541 1384 1260 1462 1298 1343 
13 1502 1220 1667 1419 1481 1382 1382 2478 1584 1868 1624 
14 1580 1502 1462 1543 1644 1752 1662 1502 1708 1341 1302 
15 1303 1460 1386 1236 1259 1465 1300 1788 1542 17GB 1301 
16 1788 1667 1789 1222 1722 1342 1344 2009 1469 1459 1278 
17 1424 1588 1584 2195 1422 1541 1537 1465 1502 1993 1421 
18 1708 1176 1709 1622 1262 1444 1060 2236 1624 4748 
19 1667 2314 1950 2558 1504 1501 1833 2070 1222 1710 
20 1139 1059 978 1079 983 2494 1992 1038 1300 1341 1117 
Blank() indicate incorrect responses 
-B.7 
Appendix B 
Operand Reversal Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 67 Training 58 Training 69 Training 70 Training 71 Training 72 Transfer 1 Transfer 2 Transfer 3 Transfer 4 Transfer 5 
1 2723 2446 1831 2376 1872 1913 2905 4998 1749 2035 2071 
2 1716 1592 1593 1491 1472 1614 3256 2366 1631 1998 1587 
3 2638 1869 1914 4461 1505 2599 1706 4137 2884 1912 1866 
4 1497 1178 1585 2192 1504 1625 1830 1666 1508 1138 1505 
5 1748 1751 2429 1586 1649 2683 1639 2153 4160 1950 1628 
6 1913 939 1605 1546 2034 1461 1462 1771 1464 1666 1685 
7 1583 1625 1745 1825 2153 1338 1908 1340 2395 1378 
8 1666 2636 1949 1708 1463 1265 1747 1566 1260 2435 2685 
9 1625 1379 1887 1463 1421 1832 1747 2349 1281 1321 1669 
10 1179 937 978 1101 933 979 1158 901 1057 1243 1299 
11 1178 939 1501 1304 2435 1500 1991 1710 1381 1238 2027 
12 1587 1137 1426 1542 1706 1268 1375 1362 1568 2353 1380 
13 1784 2033 1850 2048 1704 1625 1544 1422 2068 1334 1381 
14 1813 1422 1989 1383 1769 1630 1262 1204 1173 1162 1139 
15 1100 1549 1820 1384 1237 1344 1219 1422 1301 1158 1100 
16 1258 2152 1402 2312 1724 1522 1217 2559 1986 2905 2010 
17 2197 1705 1400 1703 1751 2151 1623 1545 1383 2032 1702 
18 1463 1058 1424 1141 1504 1464 5859 1223 2316 1222 1342 
19 2150 2033 1990 1951 1420 2117 1098 1787 1955 1887 1707 
20 1179 1100 1058 2275 978 1098 978 1014 1060 1137 
Blanks indicate it:'·( wrr.:ct responses 
-B.8 
Appendix B 
Operand Reversal Training and Transfer Phases Test Task Item Data (ms) 
Participant TransferS Transfer7 TransferS TransferS Transfer10 Transfer11 Transfer12 Transfer13 Transfer14 Transfer15 Transfer16 
1 2235 1668 2396 2161 2033 1486 2235 2094 2114 1831 2439 
2 1469 1673 1347 1712 1754 1227 1246 1423 1673 1731 1345 
3 2763 1706 2234 2599 1627 3570 2960 1829 
4 1745 1259 1591 2767 1212 1213 1177 1626 2069 1667 1341 
5 1383 2637 1950 3532 2335 1949 1282 2648 1581 2175 2312 
6 2697 1545 1752 1987 3207 1381 1806 1525 1180 1385 1545 
7 1721 1703 2721 1542 2032 1583 1584 2960 1626 1340 1318 
8 2099 1261 1709 2007 2432 2030 1625 2233 1907 1704 1424 
9 1340 3487 1684 4519 1378 1341 1586 1376 1583 2030 3044 
10 1020 854 912 896 979 1076 899 977 1020 938 1017 
11 878 1299 863 849 955 1025 1253 1667 1663 1138 1783 
12 1669 1425 1748 1298 2192 1825 1504 1589 1684 1461 1264 
13 1341 1907 1957 1375 1546 1993 2799 1586 1665 1623 1787 
14 1223 1058 1460 1220 1100 1342 1139 1019 1180 938 978 
15 1222 1260 1141 1180 1181 1583 2011 1178 1181 1664 1081 
16 1419 2598 1466 1344 1545 2515 2025 894 1549 1482 1384 
17 1217 1383 1182 1747 2053 1627 1098 1708 1708 2212 2254 
18 1497 2761 1667 2399 1340 1502 2276 1546 1425 1101 1305 
19 2682 2272 1587 1686 1596 1830 2317 1340 2522 2031 
20 134:2 1096 1058 2840 1060 1911 1101 1181 2399 1582 
Blanks indicate incorrect responses 
B.9 
Appendix B 
Operand Reversal Training and Transfer Phases Test Task Item Data (ms) 
Participant Transfer 17 Transfer '!8 Transfer 19 Transfer 20 Transfer 21 Transfer 22 Transfer 23 Transfer 24 Transfer 25 Transfer 26 Transfer 27 
1 1771 2014 3171 1507 1566 2155 1656 1592 2663 1629 1954 
2 1184 2812 1547 3373 1471 1306 1388 1227 1552 1430 1511 
3 1626 1262 1770 2603 1566 1748 1592 1132 2660 4202 1872 
4 1834 1578 1100 1100 1649 1279 1464 1060 1832 1951 1624 
5 2234 1689 2396 5955 4626 2777 2154 2356 2275 2397 
6 1159 1100 1928 1827 1181 1461 1541 1506 2155 1302 
7 1870 1498 1750 2173 1688 1703 1178 1263 1260 1791 1991 
8 1624 1866 2842 1787 1610 4922 1181 2597 1627 2574 1462 
9 2332 1541 3367 3770 1381 1741 1745 2639 1160 1461 1301 
10 1097 1019 1116 978 971l 977 937 899 978 878 1282 
11 1100 1257 1240 1217 170:2 1056 1216 1200 1059 1462 1259 
12 1318 3204 1710 1258 1421 1707 1601 2313 1667 1588 1422 
13 1362 1341 1669 2155 1260 1261 2071 1176 1221 1467 1257 
14 895 1035 977 1242 1142 1220 978 1098 2598 916 1181 
15 1667 994 1340 1647 1305 1665 1421 1183 1339 1102 1465 
16 1438 2111 2071 1949 1633 1132 1141 1299 1180 1828 1489 
17 1341 1666 1991 1562 2028 1544 1505 1465 1421 1867 1624 
18 1300 1828 1381 1538 2033 1221 1037 1520 1341 1101 981 
19 1587 3857 1988 1746 2032 2925 1808 2354 2801 2684 
20 1706 1219 1143 2681 1099 1058 1503 962 1117 1060 
Blank<; indicate incorrect responses 
B.IO 
Appendix B 
Operand Reversal Training and Transfer Phases Test Task Item Data (ms) 
Participant Transfer 28 Transfer 29 Transfer 30 Transfer 31 Transfer 32 Transfer 33 Transfer 34 Transfer 35 Transfer 36 Transfer 37 Transfer 38 
t 2278 !750 1263 1751 2359 2154 1468 2114 2116 2357 2155 
2 1305 1149 1061 1369 1222 1105 1469 1430 1185 1554 
3 1301 2092 1140 1159 1099 1679 1300 3915 1750 1380 939 
4 1501 1219 1423 1725 1423 1259 1259 2996 1950 1425 1626 
5 2805 1945 3084 1872 1666 1994 3914 2153 1912 2193 3610 
6 2274 2266 1668 1581 1521 2558 2525 1825 2195 3411 2602 
7 2758 1949 1542 1259 1348 1236 1220 1788 2052 1522 1182 
8 1220 1259 2923 1301 2112 2109 1591 1343 1505 1219 1544 
9 2030 1664 1746 1627 1300 1836 1666 2168 1827 1340 1119 
10 980 975 855 935 1422 937 940 1017 1000 1097 1102 
11 1180 1340 1158 1421 1302 1599 1245 1277 1263 1092 897 
12 1625 1506 1625 2233 1910 2982 1785 2313 2070 2927 1304 
13 2044 1420 1383 2112 1382 1078 1381 1543 1952 2354 1439 
14 1365 1145 917 1177 1080 899 1181 1421 1220 978 1078 
15 1504 1381 1096 1261 1808 2927 1180 1342 1261 2174 1183 
16 1268 1626 1428 3982 1340 1381 1180 2638 1140 2048 1423 
17 1506 2235 2519 1541 1523 1503 1709 1419 1219 1061 1423 
18 1262 912 1424 1707 1099 1384 1563 1262 1039 1322 1138 
19 3206 3712 1869 3369 2034 2111 1908 2967 2155 2294 1549 
20 2094 1261 979 1869 1263 1097 1259 941 1059 1098 
Blank' indicate incorrect responses 
B.ll 
Appendix B 
Operand Reversal Training and Transfer Phases Test Task Item Data (ms) 
Participant Transfer 39 Transfer 40 Transfer 41 Transfer 42 Transfer 43 Transfer 44 Transfer 45 Transfer 46 Transfer 47 Transfer 48 Transfer 49 
1 2318 2155 2761 1993 1423 1342 2051 1383 1970 2093 2315 
2 1590 1308 1428 1387 1343 1226 1487 1265 1468 1633 1264 
3 2133 1989 1239 2765 1622 1036 1362 1059 1382 1991 1463 
4 2073 1180 2111 1446 2233 1631 1545 1423 1866 1991 1138 
5 1913 2636 1831 3451 1339 2316 1698 2516 1484 1910 1334 
6 1663 1380 1344 1831 1547 1543 2073 1100 1201 1546 1020 
7 1279 1179 1422 1185 1258 1872 1461 3166 1422 1624 1951 
8 1750 3730 1504 1542 1869 1423 1140 1381 1223 1791 1990 
9 2033 1263 1461 1505 3690 1542 2962 1424 1143 1628 1341 
10 894 937 1324 991 897 1057 977 896 1057 980 896 
11 2067 1142 2960 1547 1299 1339 1099 1303 1360 1196 
12 1886 1990 1340 2760 2922 1282 1908 1787 1911 1384 1361 
13 1586 1908 1380 1562 1840 1488 1502 1506 1196 1562 1842 
14 1101 1547 1197 1201 1215 1119 1019 1059 1182 958 
15 1200 1300 1340 1019 979 1140 1156 1423 1385 1057 1018 
16 1339 1630 1789 1384 1667 1380 1505 1117 1626 1138 1464 
17 2359 1826 1425 1461 4057 4341 1667 1744 1462 1058 1467 
18 1341 1180 978 1625 1135 937 1160 1265 1056 1060 939 
19 1747 1829 1668 1786 1421 1749 1303 1463 1379 2034 1910 
20 1222 978 1018 1301 1101 1057 1303 1586 1724 1342 
Blanks indicate incorrect responses 
8.12 
AppendixB 
Operand Reversal Training and Transfer Phases Test Task Item Data (ms) 
Participant Transfer 50 Transfer 51 Transfer 52 Transfer 53 Transfer 54 Transfer 55 Transfer 56 Transfer 57 Transfer 58 Transfer 59 Transfer 60 
1 1790 3370 1993 5316 2438 2681 1708 1426 2356 1971 1587 
2 1254 1472 1629 2567 1430 1266 1225 1347 1226 1105 1348 
3 1991 1383 4346 1503 1422 1118 958 1587 1868 1499 
4 1139 1057 1438 941 1397 1566 1220 1015 1139 1214 1180 
5 2194 1707 1708 1464 1911 2557 2680 2032 1672 1949 1588 
6 1097 1059 1227 1215 1257 1101 1180 1261 2275 1629 1216 
7 1461 1172 1830 1061 1666 1102 1867 2029 1140 1340 1499 
8 1423 1665 1179 1340 1544 1101 1948 1505 2517 1297 1627 
9 1220 1382 2477 4145 1741 3575 1619 1222 1147 1625 
10 858 854 857 1341 1138 1018 975 894 1061 934 1099 
11 1222 1294 1423 1217 1343 1221 12£0 2658 1505 1260 1669 
12 1219 1221 1973 1989 1314 1238 1381 ~302 1136 2051 1222 
13 1870 1060 1142 1340 1622 1546 1543 1462 1497 1622 1605 
14 895 1164 1315 1260 1141 1180 1359 1060 1100 1080 878 
15 1345 856 1462 1301 1017 937 1907 1178 1217 1304 1058 
16 1586 1141 1266 1052 980 1012 1261 1182 1463 1300 1304 
17 1544 1383 1588 1382 1218 4831 2114 1423 1969 2113 1422 
18 1018 1016 1181 1280 1095 961 1039 1180 1021 977 978 
19 1745 1891 1987 1503 1669 2394 1505 1989 1585 1564 
20 1303 1342 1422 1019 1221 1305 1100 977 1706 977 1344 
Blanks indicate incorrect responses 
B.l3 
Appendix B 
Operand Reversal Training and Transfer Phases Test Task Item Data (ms) 
Participant Transfer 61 Transfer 62 Transfer 63 Transfer 64 Transfer 65 Transfer 66 Transfer 67 Transfer 68 Transfer 69 Transfer 70 Transfer 71 Transfer 72 
1 1856 2277 2197 2519 2236 1669 1912 1667 2478 1625 1830 1670 
2 1347 1918 2968 1714 1833 1630 1184 1428 2645 1266 1305 1427 
3 3190 3532 2561 4321 1342 1264 1217 1219 855 
4 1584 1179 1238 1261 1385 1236 1422 1343 1136 1340 1255 1381 
5 1485 1423 2675 1950 1627 1871 1914 1567 1789 1427 1870 1465 
6 1140 1223 1141 1094 1670 1546 1588 1320 1221 1101 1140 1097 
7 1171 1951 3850 1709 1725 1137 2074 1161 1589 1946 1382 1100 
8 1950 1548 1786 1909 6442 1463 1181 1299 1828 2592 1706 1220 
9 1141 1379 1360 1237 1221 1101 1216 1179 1115 1460 1239 1260 
10 937 896 850 819 815 861 932 1137 814 896 973 
11 1913 1177 1140 1624 1502 1704 1422 1099 1116 1301 1195 1263 
12 1420 1461 1969 1503 1221 5107 3197 1465 1300 1420 1912 1707 
13 1844 2681 1422 1585 1301 1624 1911 3407 1380 1500 1259 3709 
14 1162 938 1099 3004 1199 938 1422 1181 1831 1059 1384 1179 
15 1180 1140 1176 1544 940 1221 1138 1770 3164 1302 1076 1350 
16 1017 1321 1304 1178 1459 1139 1301 1059 1199 979 1285 1380 
17 1585 1702 1687 1829 1522 2067 1587 1866 1466 1828 1706 1300 
18 1181 1120 1019 1019 <J78 856 1100 1017 1300 1018 939 1020 
19 1301 1383 1626 1628 1381 1954 1399 1462 3047 1524 1139 1381 
20 900 1016 1788 1019 979 1059 1463 1158 1082 1215 1584 
Blanks indicate incorrect responses 
-C. I 
Appendix C 
Operation Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 1 Training 2 Training 3 Training 4 Trnining 5 Training 6 Training 7 Training 8 Training 9 Training 10 Training 11 
1 3540 2202 2080 1612 1347 2160 3055 1753 1550 1490 1392 
2 3490 4872 2010 3289 4564 7019 3044 2090 2719 1628 
3 3126 1581 2150 1522 2194 2314 1625 2153 1989 2676 1382 
4 2783 2476 2517 2235 4743 2236 2072 4423 2758 2068 2356 
5 3626 2639 5549 3827 3125 2675 3327 3327 4092 2353 2957 
6 2191 2559 2153 1748 1462 1504 2191 1589 1379 1503 1504 
7 1845 1224 1865 1788 4037 1139 1261 1140 1749 1424 1302 
8 2740 1909 1707 1750 3971 1912 1667 1829 2759 2600 1463 
9 1745 1138 1583 1219 1501 1341 1057 1383 1178 1469 1382 
10 1869 1583 1301 1545 1949 1864 2395 2353 1342 1361 1502 
11 2030 1629 2313 3729 1787 4417 1988 2839 2521 1867 
12 5493 4665 3667 2232 7092 1909 3728 1952 2495 1869 3743 
13 3368 2272 2840 3367 1544 2370 1990 1708 2436 2844 2800 
14 2718 3011 3400 2273 2597 3043 2881 2597 2272 2152 1547 
15 2432 2272 2763 1542 2927 2843 1951 2396 2640 
16 2316 2396 2072 2480 1521 1S51 2038 1950 3528 1668 3122 
17 1806 2722 2032 1926 2519 3488 2439 2394 2639 2156 
18 3449 1344 1546 8562 2039 3485 1478 1624 4425 
19 5803 2802 1466 1989 2094 2276 1386 1748 1467 1789 1993 
20 9735 2238 6190 3005 2230 1705 3928 1583 2273 2067 1585 
Blanks indicate incorrect responses 
C.2 
Appendix C 
Operation Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 12 Training 13 Training 14 Training 15 Training 16 Training 17 Training 18 Training 19 Training 20 Training 21 Training 22 
1 1429 2039 1389 1529 1590 1308 1470 2363 1409 1463 1550 
2 2357 2577 2275 5192 2353 5886 2839 3573 1548 
3 1706 1503 1421 1992 2131 2029 1423 1378 1380 1342 1503 
4 2437 3000 2152 1750 4462 2274 2072 2516 2073 5391 
5 2923 2797 2433 4154 2355 2353 2837 3246 2598 2598 2841 
6 1708 1503 1440 1262 1139 1340 1601 1261 1181 1180 1220 
7 1909 1390 1272 1022 1259 1260 1302 1260 1422 1383 978 
8 1674 1335 2682 1665 1423 2314 1952 2071 1546 2759 1824 
9 1261 1101 1257 1099 1582 1178 1224 974 955 1381 1020 
10 2030 1869 1624 1458 1562 1580 1828 1418 1503 1703 1624 
11 2026 1827 1381 1703 2030 2556 2758 1628 2313 1663 1544 
12 1624 3567 1708 4259 4015 2334 2190 1788 2111 2275 1787 
13 2313 2194 2192 1987 2354 1584 1707 2429 1892 2311 1465 
14 2174 1828 1705 1584 1625 2065 1278 1543 1868 1908 1422 
15 2601 1666 2318 1929 2846 1663 1952 2273 1503 1954 1542 
16 2113 2354 2155 2394 3045 2596 2392 1993 2247 2602 2877 
17 2071 3328 2033 1790 2958 2435 1948 2598 1544 2679 
18 2237 1239 1405 2193 4989 2478 1569 1995 3534 1260 3250 
19 1708 1258 1423 1749 1384 1871 5843 1385 1631 1262 1342 
20 1424 1788 1422 2271 1461 2841 1744 i319 1562 1422 2639 
Blanks indicate incorrect responses 
C.3 
Appendix C 
Operation Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 23 Training 24 Training 25 Training 26 Training 27 Training 28 Training 29 Training 30 Training 31 Training 32 Training 33 
1 1594 1367 1347 1592 1837 1367 1307 1427 1937 1469 
2 3774 4403 1468 2763 10374 7745 2518 1585 2154 1830 
3 1219 1702 936 1584 1379 1140 1539 1382 1786 1301 1661 
4 2073 2921 3167 2598 2294 2517 2395 1990 4342 2678 2332 
5 3248 2636 2573 2236 2308 2598 2129 4416 2313 2313 2558 
6 1506 1382 1134 1058 1220 1381 1180 979 1177 980 1421 
7 1181 1182 1143 1094 1059 1064 955 1180 935 977 1017 
8 1948 1383 1587 1543 1422 1302 1466 1506 1543 5231 1624 
9 1177 1097 939 1156 978 941 893 1057 1016 1014 979 
10 1585 1925 1300 1217 1099 1624 1302 1338 1381 1218 1181 
11 2276 1157 1343 1217 1629 1727 1766 1461 1523 1945 1869 
12 2112 2393 2151 2149 1829 3080 1831 1825 1401 2474 2068 
13 1828 2071 2313 2922 1988 3809 3004 1970 3488 2637 
14 1784 1480 1382 1911 1787 1785 1561 1744 1627 1259 1790 
15 2234 1947 1668 1505 1746 1342 2436 2151 1385 1747 1381 
16 2394 2196 1991 2233 1749 2034 2234 1786 1897 1425 2231 
17 2271 2636 3022 1464 1749 3167 2720 2272 1828 1892 1583 
18 1788 1893 4543 1346 4055 1141 3332 4017 
19 1424 1793 1462 1439 1749 1629 1443 1302 1179 1423 1443 
20 3040 1260 1380 1260 1871 1299 3479 1481 2236 1197 
Blank<! indicate incorrect responses 
C.4 
Appendix C 
Operation Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 34 Training 35 Training 36 Training 37 Training 38 Training 39 Training 40 Training 41 Training 42 Training 43 Training 44 
1 3616 2078 1509 3050 1427 1184 1509 1388 1389 1427 1267 
2 1873 1663 2075 1340 2518 3133 2595 1668 2071 3938 2011 
3 1401 1340 1418 1668 1503 1744 1255 1137 1947 1034 1426 
4 1792 1950 1873 2170 2720 2474 1907 1873 2170 3247 1708 
5 2271 2318 2595 2110 2104 2072 2112 2151 2191 2071 2046 
6 1058 1423 1385 1100 1258 1118 1019 1018 1099 1179 1098 
7 1099 1020 1234 1138 1135 1342 1060 1198 1142 1056 937 
8 1871 1379 1424 1262 1543 1627 1299 1300 1602 1218 1448 
9 935 897 1018 975 1504 1017 1098 996 1057 857 933 
10 1297 1059 1546 3588 2232 1837 1575 1387 1335 1725 1826 
11 1945 1666 2475 1426 1419 1887 1382 2109 1343 1707 1645 
12 .2089 2032 1664 1870 2089 1790 1462 1833 1416 1710 1459 
13 1462 2150 2557 1788 3968 2313 1906 1866 1908 1909 2193 
14 2600 1377 1747 1460 2384 1419 1992 1502 1782 1787 3569 
15 1686 1401 1588 1263 1219 1341 1302 138i 1059 1263 1425 
16 2499 2800 2637 2215 3367 1705 2115 3528 4829 1787 1585 
17 3447 2073 1911 2036 1864 1627 2111 2026 2072 2923 
18 1260 1630 3412 1386 1428 4783 1588 3124 2076 2600 
19 1463 1140 1156 1181 '181 1462 1362 972 1261 1262 2886 
20 1629 2352 2677 1463 1829 2292 1459 1538 2803 1605 1767 
Blanks indicate incorrect responses 
C.5 
Appendix C 
Operation Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 45 Training 46 Training 47 Training 48 Training 49 Traininy 50 Training 51 Training 52 Training 53 Training 54 Traimng 55 
1 1226 1022 1103 1106 1352 1181 1347 1025 1186 1023 1267 
2 1951 2762 1917 2025 1873 2030 2804 2155 2718 2038 2313 
3 1440 1524 1541 1098 979 1300 1178 1357 1583 1178 1157 
4 2477 1584 1423 2354 1870 1991 2173 3609 3370 2112 2151 
5 2074 2233 1907 2193 2314 2069 2150 2882 2030 2192 2131 
6 1180 1039 1013 1140 1057 979 1140 1179 1061 1177 1302 
;· 1059 978 979 1060 1017 979 1060 1099 1018 897 1100 
8 1255 2397 1664 1708 1298 1462 1302 1299 1158 1178 1749 
9 897 933 1059 1421 858 1056 940 916 1095 1000 1053 
10 1179 1544 1056 1303 1179 1438 1182 1218 1421 1263 1541 
11 1544 1544 1788 1382 1506 1500 1278 1200 1503 1622 
12 1666 1623 1502 1827 1502 1503 1867 1464 1825 2069 
13 1624 1786 1910 1907 1705 2115 2353 1667 1583 4541 2112 
14 2111 1400 1903 2071 1703 1908 2157 1702 1341 1503 1727 
15 1949 1460 1138 1423 1221 1261 1140 1382 1060 1383 '344 
16 2034 2353 2721 1623 1684 2316 2338 1664 1623 2191 
17 2191 2516 1628 1462 1870 1462 2133 1582 2153 1912 
18 1545 2236 1547 1707 3513 1178 1873 1504 1949 1707 1221 
19 1262 1062 1183 1424 1465 1705 1504 3006 1341 1464 1182 
20 1256 1909 1624 1300 1586 1186 1778 1341 1990 1298 1989 
Blank'> indicate incorrect responses 
C.6 
Appendix C 
Operation Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 56 Training 57 Training 58 Training 59 Training 60 Training 61 Training 62 Training 63 Training 64 Training 65 Training 66 
1 1953 1185 1206 1143 2563 1387 1228 1103 1670 1633 
2 1710 2315 2072 2355 1669 1789 1869 2376 2032 2235 1669 
3 1542 1323 1865 1262 1418 1258 1303 1094 1299 1179 1218 
4 2234 2398 2234 1970 4137 2173 1828 3711 1687 4544 2521 
5 2152 3326 2881 1827 1910 2248 1991 1909 1950 2434 1910 
6 1120 1673 1100 1055 1422 1463 1100 1303 1320 1422 1422 
7 896 1140 959 1021 914 857 878 936 954 898 938 
8 1139 1587 1382 1463 1218 1279 1222 1136 1340 1301 1218 
9 898 975 976 1270 1876 936 978 1015 1178 938 1337 
10 1260 1340 1221 1341 1153 1178 1097 1260 1261 1282 1140 
11 1749 1994 1939 1220 1198 1016 2275 1685 1502 1386 1357 
12 1381 1502 1380 1706 1907 1463 1948 1989 1706 
13 2032 1379 2007 1911 1849 2640 1989 1664 2193 1700 1909 
14 1421 1657 1217 1505 1380 1120 1380 4502 1604 1907 
15 1340 1465 1604 2117 1543 1423 1360 2238 1386 1743 1340 
16 2231 4545 1786 2113 3247 1667 1868 1381 1565 1421 1746 
17 1951 1505 2192 3246 1910 1320 1382 1812 1499 1182 25Ti" 
18 2559 2558 2276 1261 1180 2396 2234 4183 4060 1560 1123 
19 1179 1181 1588 2438 1261 1750 2068 1753 1301 
20 1710 1341 1298 1387 1464 1848 3653 1314 2352 1909 
Blank<> indicate incorrect responses 
• 
C.7 
Appendix C 
Operation Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 67 Training 68 Training 69 Training 70 Training 71 Training 72 Transfer 1 Transfer 2 Transfer 3 Transfer 4 Transfer 5 
1 1146 1185 1468 1429 1268 2606 2118 1429 1552 1507 1219 
2 2474 2434 1768 2698 1917 1782 1511 2104 2275 3532 3169 
3 1261 977 1421 1099 1140 1102 1582 2577 1258 2008 1262 
4 1922 2315 2436 2354 2516 2315 2313 2114 1748 3570 4178 
5 1946 1833 2109 2192 2027 2601 1663 1969 3200 2229 3360 
6 1098 1037 1342 1425 1258 1220 1100 1546 1384 1382 1215 
7 852 897 1260 958 940 895 976 1544 1143 1218 1343 
8 1505 1341 1360 1219 1340 940 1989 2231 1909 1463 1423 
9 1037 1139 975 1057 977 1179 2029 1259 1034 1257 1427 
10 1156 1034 1099 977 1139 1136 2475 1868 1868 2635 1423 
11 1463 1661 1301 1306 1173 1585 1257 2090 1462 1410 1624 
12 2149 2353 2154 1766 1500 1809 1580 2067 2307 1710 
13 2027 1888 2115 1706 2195 1586 3610 4258 3084 2090 2516 
14 2110 2110 1703 1422 1399 1302 1846 2151 2717 2365 3285 
15 1950 2075 1447 1380 1504 1504 2719 1870 1725 1627 
16 2457 1342 1910 1545 1668 1850 2231 2234 2072 1501 1626 
17 1423 1624 1627 1829 1341 1707 3084 5108 2397 3248 2438 
18 2501 1487 1705 1364 3084 1362 1870 2680 1346 6046 2356 
19 1238 3128 1200 1342 1101 1262 2315 2923 1466 2152 3186 
20 1581 3164 1139 2799 1545 1949 1337 1662 2031 2918 
Blanks indicate incorrect responses 
C.8 
Appendix C 
Operation Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Transfer 6 Transfer 7 Transfer 8 Transfer 9 Transfer 10 Transfer 11 Transfer 12 Transfer 13 Transfer 14 Transfer 15 Transfer 16 
1 1105 1472 1468 2406 1264 3172 1124 1795 1024 1592 
2 2151 4016 2050 1950 2599 2599 1669 2294 3692 2233 1488 
3 2796 2394 1177 1265 1090 1316 2233 1241 t359 1301 1501 
4 2193 1991 2192 1544 1848 1665 1502 1601 1791 2109 1464 
5 2069 1988 2030 1906 2351 2959 1868 2028 2111 2152 2148 
6 1634 1132 1099 1503 1119 1138 1540 1176 1244 1341 1404 
7 1058 977 921 1019 937 1181 937 1059 1016 1017 1020 
8 1340 1629 2147 1747 1908 1629 1784 1298 1585 3772 
9 1258 1752 1622 1746 1219 1258 1134 1160 1826 1299 1058 
10 3550 2026 1181 1276 1544 1662 4739 2231 1380 1420 4503 
11 1542 1543 1298 1341 1183 1137 1401 1443 2556 1381 1547 
12 2309 2640 1663 1968 1870 1422 1667 1584 1866 
13 2188 1909 1950 3083 2557 2148 1952 1788 2438 2494 2191 
14 2317 3606 2836 2546 2031 2006 2128 1705 2393 1668 2251 
15 1688 2642 1379 2169 1503 1337 1384 3068 1238 1421 1424 
16 1502 2152 2031 1463 1422 1746 1788 1257 1789 1647 1503 
17 2193 2334 1748 1787 1381 1747 1909 1984 1951 2030 2276 
18 3414 2195 1421 1384 3409 2276 2673 1868 4465 
19 1459 1276 1423 1141 1520 1341 1219 1279 2879 1061 1195 
20 2233 2190 2148 1666 1829 2557 1877 2193 1829 1767 
Blanks indicate incorrect responses 
C.9 
Appendix C 
Opere.tion Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Transfer 17 Transfer 18 Transfer 19 Transfer 20 Transfer 21 Transfer 22 Transfer 23 Transfer 24 Transfer 25 Transfer 26 Transfer 27 
1 1469 942 1487 1752 2322 1371 1511 2077 1306 1106 1224 
2 2172 3125 2395 1870 2194 2516 2356 1828 1651 1992 
3 1176 1498 1296 1379 1949 1279 1136 1905 1827 1744 1460 
4 1706 1751 1464 1925 1584 1706 1583 2236 1644 1545 2801 
5 1952 1949 1848 2030 2029 2150 1868 2596 1989 2151 1911 
6 1543 1302 1401 1301 1164 1158 1221 1340 1203 1240 1382 
7 1057 1177 1018 1019 937 1213 1181 976 2601 1850 1424 
8 1464 1542 1260 1787 1339 1338 2761 1417 1466 1525 1261 
9 1259 998 978 974 1098 1098 937 1425 1142 935 1343 
10 1501 1421 1378 1787 2396 1257 1381 1375 1340 2108 1465 
11 1575 1623 1414 1563 1539 2272 1461 1097 1099 2110 1522 
12 1743 1949 1460 1624 1746 1425 2109 2152 1686 1665 
13 2035 3207 1948 1507 2595 1627 2071 2312 1502 H13 2188 
14 3079 1629 2009 2576 3402 2350 2108 3247 3084 2071 2330 
15 1458 1380 1339 1382 1137 1300 1418 1502 1224 1701 1749 
16 1322 1462 1071 1546 1468 1137 1300 1625 1747 1586 1708 
17 1584 3126 1628 1708 2150 1587 2639 2193 2598 1419 1565 
18 1707 3936 2720 3858 1543 2153 1834 1543 2072 4259 
19 1182 1223 1261 1342 1060 1180 1267 3890 1099 1342 1504 
20 2412 2271 2174 1577 1622 2757 1424 1746 1381 1706 2714 
Blanks indicate incorrect responses 
CJO 
Appendix C 
Operation Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Transfer 28 Transfer 29 Transfer 30 Transfer 31 Transfer 32 Transf·,~r 33 Transfer 34 Transfer 35 Transfer 36 Transfer 37 Transfer 38 
1 1510 1104 1774 1226 1126 1713 1752 1023 1549 1065 1631 
2 2837 1382 1343 3226 2195 2761 2231 2455 1709 4384 2033 
3 1258 1624 1216 1218 1505 914 935 2033 1154 1058 1116 
4 1664 1664 1746 1504 1616 1500 1483 1425 1582 1442 1539 
5 1950 1646 1829 1808 2148 2030 1950 2189 1850 1786 2309 
6 1179 1421 1181 1418 1422 1136 1386 1219 1062 1464 1298 
7 1303 1179 1196 1102 1056 1057 937 1284 1341 980 934 
8 1100 1542 1502 1260 2028 1438 1822 1340 2175 1502 3210 
9 997 914 2228 1057 1100 1298 897 1038 956 1464 896 
10 1624 1195 2149 1239 1342 1143 2084 1179 1133 1096 1179 
11 1702 1746 1282 1382 1265 1094 2516 1664 1138 1423 1260 
12 1467 2915 1338 2252 ~516 1340 1947 1504 2070 
13 3126 2029 2434 2314 2394 2072 2839 1805 1664 2659 1887 
14 1864 1788 2436 1863 2451 2717 2515 2918 1703 1574 3689 
15 1662 1628 1521 1629 1217 1542 2072 1425 1339 1260 
16 1261 1683 1341 1829 2634 1301 1238 166? 1202 1297 
17 2392 1424 3084 1382 1588 1466 1359 1385 2192 
18 2438 3004 1506 2860 2558 1467 1908 2924 3090 2353 4219 
19 1586 1140 1463 1080 1383 1221 1300 2699 1218 1304 1220 
20 1567 3285 1461 1909 4136 1539 2759 3084 2232 2717 1222 
Blanks indicate incorrect responses 
C. I I 
Appendix C 
Operation Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Transfer 39 Transfer 40 Transfer 41 Transfer 42 Transfer 43 Transfer 44 Transfer 45 Transfer 46 Transfer 47 Transfer 48 Transfer 49 
1 1105 1549 1305 1066 1144 1269 1390 1186 1307 1553 1450 
2 2840 3244 2520 2396 3063 3453 2151 3123 1849 1994 2231 
3 1017 1137 1219 1302 1217 1215 1037 1137 1056 1708 1300 
4 1424 1384 1969 1537 1299 1623 1383 1381 1626 1863 1442 
5 3242 2148 2840 1991 2333 2024 2232 2073 1746 2192 1704 
6 1135 1139 2072 1443 1220 1261 1318 1180 1241 1828 1626 
7 1019 1261 1039 997 1221 1102 1178 1018 977 1241 1058 
8 1336 1379 976 1502 1422 1463 1627 2189 1341 3646 
9 1380 1092 1055 979 975 1134 1016 1056 977 1463 1135 
10 1258 1177 1140 1138 1179 1179 0725 1260 1135 1060 
11 1379 1704 1683 1604 1702 1221 2192 3849 1583 1340 2090 
12 1705 1676 1785 1786 3688 1501 2772 1749 2149 2740 
13 1626 2031 2051 3489 2354 1948 1827 1788 1865 2009 1930 
14 1351 1752 3773 1828 4015 1966 2233 1748 1872 1657 2520 
15 1627 1464 2395 1425 1263 1220 1183 1299 1443 1300 1466 
16 1384 1830 1418 1220 1381 1644 1381 1380 1383 1132 1216 
17 1464 1343 2821 1971 1464 1663 2255 1302 1786 2133 
18 1159 3934 1504 2273 1867 1504 2154 9812 2640 1341 1750 
19 1301 977 1303 1101 1420 1044 1100 1018 1180 1423 1466 
20 1823 1543 4008 1844 2032 1383 2514 2030 2149 
Blanks indicate incorrect responses 
• 
C.I2 
AppendixC 
Operation Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Transfer 50 Transfer 51 Transfer 52 Transfer 53 Transfer 54 Transfer 55 Transfer 56 Transfer 57 Transfer 58 Transfer 59 Transfer 60 
1 1311 1423 1145 1105 1080 1107 1347 1306 1876 1387 1124 
2 2092 2480 2276 2110 1546 3856 1871 2192 1R30 1666 1949 
3 1547 1459 856 1259 1219 1018 1461 1787 1785 1259 
4 1466 1584 1581 1583 1428 3369 2112 1623 2069 1995 1830 
5 5348 3123 3287 2030 1830 2072 1949 1660 1870 1834 3567 
6 1438 1179 1054 1140 1543 1301 1202 1378 1628 1381 1179 
7 1345 1258 1304 1057 1497 1344 1180 1385 1399 1463 1158 
8 1544 1340 3040 1397 1393 1231 1299 1338 1421 1261 1667 
9 898 1547 1097 1260 900 978 935 1058 898 1055 
10 2273 1465 1138 1870 1219 1216 2434 1483 1058 1416 1569 
11 1908 1543 997 1300 1058 1618 1096 1139 1582 1101 1137 
12 1254 1461 1720 1546 1606 1665 2393 2193 1947 1461 3328 
13 2798 2111 2479 1585 1463 1585 1786 2106 2068 1380 1986 
14 1584 1502 2270 2513 2029 1950 1504 1298 2109 1422 1380 
15 1180 1382 1342 1298 1456 1059 1139 1141 1216 1252 1200 
16 1564 1379 2759 1463 1712 1295 1832 1746 1747 1787 
17 1688 3084 1424 1544 2356 1687 1665 1341 1341 2317 1379 
18 1769 1485 2435 2113 2516 1301 1547 1345 2034 1298 1465 
19 1221 979 1508 1058 1101 1101 1318 1179 1541 1060 1017 
20 1665 3810 3002 2110 1830 2673 1422 1483 1583 1705 1501 
Blanks indicate incorrect responses 
C.l3 
Appendix C 
Operation Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Transfer 61 Transfer 62 Transfer 63 Transfer 64 Transfer 65 Transfer 66 Transfer 67 Transfer 68 Transfer 69 Transfer 70 Transfer 71 Transfer 72 
1 1873 1104 1410 1219 1310 1612 1205 1105 1958 1919 1065 122E 
2 3090 1836 2924 2272 1628 2949 1628 2840 1807 3006 1752 182E 
3 1460 1541 1076 1037 1341 1702 1543 1300 1097 1139 1219 1297 
4 1704 1708 1544 1581 1637 1726 1461 1465 1870 1708 1625 141£ 
5 1990 1827 1789 1794 1946 3281 3030 4050 1503 1499 1479 138~ 
6 1300 1221 1016 1219 1101 1057 1241 1097 1339 1220 12:21 252< 
7 1264 1250 1264 1098 1058 1100 1060 1139 1019 1058 1300 101 s 
8 1460 1643 1260 3084 1565 1442 1297 1462 1376 2268 1622 164~ 
9 852 1178 1096 1137 937 1117 974 935 1257 935 1013 97E 
10 1622 1157 1135 1826 1746 1625 1257 1669 1096 1101 1464 1419 
11 1259 1342 1241 1342 1220 1238 1218 1668 1136 1483 1505 154E 
12 1379 1542 2150 1929 2052 1831 1948 1300 1504 1461 1825 1176 
13 1992 1707 1661 1420 1912 2111 1871 1907 2433 3479 2033 3485 
14 1745 1300 2033 1788 1827 1544 4538 2193 1787 1605 1702 1581 
15 1457 1511 1337 1343 1262 1545 1218 1096 1745 1177 1185 131~ 
16 1384 1586 1723 1290 1623 1830 1379 3043 1220 1240 1261 122< 
17 1464 1473 1868 1870 1505 1465 1589 1884 1442 1196 1521 125~ 
18 1951 1342 1178 1059 1143 3736 2438 1625 1827 2199 1519 227~ 
19 1506 1182 1137 1059 1623 1098 1220 1139 1 018 937 89€ 
20 1339 1784 1703 1300 1320 1399 1340 1824 1504 1417 
Blanks indicate incorrect responses 
D.! 
Appendix D 
Symbol Change Tmining and Transfer Phases Test Task Item Data (ms) 
Participant Training 1 Training 2 Training 3 Training 4 Training 5 Training 6 Training 7 Training 8 Training 9 Training 10 Training 11 
1 3774 1990 1685 2519 1545 1382 1505 2316 1664 1340 1299 
2 3786 2228 2464 1981 3625 1836 2248 1955 1591 1835 1919 
3 2390 1281 1590 1400 1667 1801 2600 1259 243S 
4 5471 2516 2672 2150 3443 2332 2471 3440 2550 2634 1865 
5 3329 2272 3529 3995 1866 2759 1791 2315 2391 1502 
6 4264 2721 2336 2803 2673 2559 2194 3129 2517 2479 2250 
7 4181 1542 1905 3488 4179 1671 2353 3431 2028 2397 1626 
8 2518 2596 2678 3652 2273 3082 1705 4905 3531 2960 5145 
9 4258 2959 2642 1947 1786 4420 1871 1460 1706 2046 
10 3407 3222 4422 2594 1711 4499 3929 1542 2031 2316 
11 3408 2639 2633 1665 2151 1706 1993 1419 2231 5553 2561 
12 3006 3933 2557 2640 2836 2237 1643 3321 2251 2999 2454 
13 3486 2032 1727 1744 1667 1869 1785 1421 1864 1463 1485 
14 3006 1625 2437 2316 2115 1807 1503 1443 1465 1339 2192 
15 2030 1995 1018 935 1260 1421 1058 1421 1465 938 1178 
16 1587 2155 1299 3853 2112 1218 3687 4708 1466 1745 
17 3614 1790 2398 1863 1624 3246 2115 1704 2033 4360 1664 
18 3290 2961 2800 2742 3369 2842 3575 2233 1872 2273 3696 
19 4628 1969 2010 1950 2193 1723 2072 2702 1910 2842 1747 
20 3772 3969 3894 3384 2394 2758 4460 2239 2631 2312 5144 
Blanks indicale incorrect responses 
D.2 
Appendix D 
Symbol Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 12 Training 13 Training 14 Training 15 Training 16 Training 17 Training 18 Training 19 Training 20 Training 21 Training 22 
1 1097 2154 1399 1625 1057 1487 1219 3368 1435 1505 9774 
2 2000 1550 1772 1752 2081 1713 1919 1531 1428 1429 1509 
3 1264 1581 1426 1548 1339 1726 1092 1018 
4 2352 2070 2069 2027 2512 2474 1343 2010 2043 2353 2152 
5 1950 2677 1585 1990 1662 1626 2032 1424 1604 2233 2291 
6 2519 3694 2639 2157 2193 2479 2075 2800 3369 1832 
7 1828 1732 1901 1871 2961 2128 3125 2195 2963 2250 2312 
8 2318 2878 4822 2882 1917 3159 2351 2755 2191 2724 3124 
9 1804 1869 1664 1889 2507 1544 2640 1541 2600 1680 1238 
10 1582 2401 1863 1582 2109 1581 2518 1581 3286 1462 
11 1720 1668 1586 1707 1746 1520 1790 1339 1381 1584 1319 
12 2762 2048 2413 1521 2354 1639 2233 1953 1541 1846 2030 
13 1544 1520 1422 1744 1626 1541 2678 1871 2110 1627 1582 
14 1556 1504 1424 1623 1404 1485 1581 2155 1624 1378 1809 
15 1021 814 1303 913 1549 1098 1537 1543 1303 1058 617 
16 1828 1990 2516 1709 1588 2761 1425 2233 1504 1707 
17 4868 4746 1946 1952 1500 1381 1953 3854 1339 1503 
18 1910 2398 3326 3611 2720 3003 2844 3255 2068 2396 
19 1385 1951 2076 4909 3410 4988 1869 1383 2641 3490 
20 2677 2834 2826 3570 2397 3203 2193 7493 5104 
Blank.' indicate incorrect responses 
"' 
D.3 
Appendix D 
Symbol Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 23 Training 24 Training 25 Training 26 Training 27 Training 28 Training 29 Trnlning 30 Training 31 Training 32 Training 33 
1 1257 3856 1502 1523 1381 1869 1300 1221 1176 1343 2234 
2 2000 1509 1551 2079 1591 1429 1348 1548 1389 1388 1429 
3 1178 1183 1502 1261 1300 1064 1823 1422 1260 1142 
4 1944 1867 1763 1744 2436 1704 1642 1722 1660 1666 1421 
5 1746 1588 1302 1704 1341 1344 1905 1686 1300 1627 2274 
6 3352 2596 2072 1667 2157 2801 2554 1668 3088 2353 3005 
7 1629 1628 1257 1909 1507 1825 2236 2190 2232 2677 1667 
8 2395 2960 4863 2354 2071 2640 2435 1969 2233 2353 4378 
9 2677 2315 2394 1544 2435 2838 2190 1886 1582 1870 1544 
10 2319 2389 1583 1826 2150 1748 2110 1790 2756 1746 1665 
11 2233 1300 1545 1505 1380 1300 1380 1260 1142 1340 1425 
12 1382 1791 1662 1542 1789 1501 5111 2614 2355 2152 
13 1627 1502 1948 1502 1607 1298 1297 1485 1463 1749 1218 
"14 1319 1381 1503 1504 1460 1224 1462 1299 1242 1259 1260 
15 937 1709 1054 1182 894 956 817 938 1022 814 1061 
16 1627 2069 1626 1626 3935 2784 3944 1541 1786 1869 2030 
17 2336 3146 1955 2591 2274 1910 1302 2600 2316 2298 1501 
18 3066 2598 1974 2677 1793 2292 1386 1790 2358 3451 
19 3360 1833 2071 1930 1650 2838 3328 2720 3614 1993 3144 
20 2393 4459 2515 2772 2882 2374 2233 2961 2437 3608 
Blanks indicate incorrect responses 
0.4 
Appendix D 
Symbol Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 34 Training 35 Training 36 Training 37 Training 38 Training 39 Training 40 Training 41 Training 42 Training 43 Training 44 
1 1078 1238 1300 2111 2169 1503 1097 1626 1176 1364 1708 
2 1470 1368 1837 1510 1266 1388 1429 1469 1308 1670 1671 
3 1422 1606 1298 1422 1058 1745 1099 1504 938 1243 
4 1927 2516 2712 2191 1655 3241 1826 1541 1340 1581 1623 
5 1266 1499 1384 3504 1361 1342 1484 2559 1298 1415 
6 1465 2238 3004 1871 2687 1338 2233 2741 3695 2053 
7 2112 5838 1808 1626 1504 1383 1423 1384 1668 1142 2473 
8 2553 2801 2697 3407 2717 1787 2035 4296 2797 2435 3775 
9 1722 2521 1663 1747 1786 1704 1907 1746 1587 1379 1543 
10 1700 1708 1869 2272 1762 1626 1666 2110 1787 1504 2513 
11 1097 1217 1301 1423 1912 1644 1397 1744 1586 1566 
12 1871 1821 1583 1586 '2273 1748 1258 1503 1787 2031 1723 
13 1381 1301 1463 1945 1587 1380 1341 1380 1221 1744 1223 
14 1586 1300 1983 1546 1316 1221 1182 1140 1426 1184 1315 
15 1098 1006 971 816 977 977 896 778 773 898 897 
16 1587 2699 1382 1789 1928 2194 1504 1707 6022 
17 1314 1787 1667 3169 1668 3164 1847 2842 1787 
18 3144 4708 1464 2842 3979 2276 3892 1463 2517 1809 1786 
19 1891 2072 3490 2133 3168 2965 3209 2678 2275 1973 2900 
20 3000 4921 2437 3853 2554 2192 2596 2355 2476 2554 2439 
Blank.<; indicate incorrect responses 
• 
0.5 
Appendix D 
Symbol Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 45 Training 46 Tralnihg 47 Training 48 Training 49 Training 50 Training 51 Training 52 Training 53 i·ralning 54 Training 55 
1 1136 1502 2384 1623 1035 1383 1060 1602 2761 1137 1139 
2 1388 1270 1387 1298 1264 1213 1298 1590 1834 1547 1346 
3 1706 1099 1142 1219 1180 1382 1138 1019 1079 1097 1061 
4 2147 2025 2193 1579 1460 1299 1541 1585 2108 2191 2636 
5 1240 1341 3206 1262 1421 1624 2272 2355 1467 1544 1177 
6 1543 3533 1431 1664 1426 1385 1948 3616 1263 2640 
7 1463 1506 1260 1458 2004 1990 2681 1791 2347 1465 1301 
8 1986 2133 2029 2433 3208 3099 3208 5309 4961 2148 2496 
9 2491 1382 2152 1667 1260 1137 1379 1238 2072 2839 1280 
10 1583 1444 2314 1199 1423 1440 1949 1356 1381 1747 1546 
11 1419 1747 1503 1869 1482 1547 1217 1343 1380 1381 1306 
12 1298 1829 1217 1220 1784 2233 1827 1624 1462 2594 1851 
13 1437 1831 1946 1809 1992 1199 1119 1179 1846 1221 1116 
14 1281 1304 1340 1500 1343 1582 1262 1420 1382 1454 1381 
15 896 814 1421 1647 975 861 1096 1705 1079 1137 
16 2600 1342 1786 1464 1789 1345 1541 2556 1507 2337 2920 
17 2616 3610 2839 4017 2804 3694 4663 4944 1509 5554 
18 4626 4301 1482 2536 2801 1342 2355 1747 2092 2597 
19 3164 3734 1868 2560 2597 1971 2353 3208 2762 2025 1542 
20 2311 2838 2196 2071 2247 2840 3199 3348 2313 3040 2047 
Blanks indicate incorrect responses 
D.6 
Appendix D 
Symbol Change Training and Transfer Pha~es Test Task Item Data (ms) 
Participant Training 56 Training 57 Training 58 Training 59 Training 60 Training 61 Training 62 Training 63 Training 64 Training 65 Training 66 
1 1384 2356 1728 1060 1138 978 1221 978 1180 1303 897 
2 1185 1348 1550 1388 1387 1350 1510 1429 1469 1307 1468 
3 2315 1257 997 1059 1179 857 937 1141 1140 918 898 
4 1736 2637 2674 1422 1822 1622 2499 1948 1620 1989 1625 
5 1382 1501 1627 2599 11SO 2152 1625 1382 1180 1506 
6 3428 2400 1545 3388 1830 2073 1631 1704 3693 1506 
7 1549 1749 1343 1664 1260 1422 2074 1339 1180 3166 1927 
8 5551 2678 2031 1948 2880 3407 4600 3953 2778 2108 2719 
9 1806 1503 1467 1739 1219 1300 3285 2412 1747 1139 1416 
10 2760 1627 1547 1466 1425 1746 1508 2512 1504 1548 1581 
11 1457 1381 1219 1258 1260 1263 1217 1182 1338 12€'0 1339 
12 1765 3602 2089 1584 3081 1381 1369 2713 1300 1259 2012 
13 1462 1301 1302 1219 1382 1628 1424 1279 1544 1182 1216 
14 1567 1582 1544 2161 1172 1304 1505 1341 1423 1221 1260 
15 1262 915 1100 11 01 935 960 1138 919 1219 1140 1180 
16 1260 1628 1380 1911 1300 1344 2559 1586 4561 1627 1545 
17 2196 2194 2393 1748 1991 2759 4097 4424 3981 1827 
18 2437 1807 2132 1424 2347 1381 1385 2276 1767 2437 
19 2113 2599 2476 2640 3309 1952 2112 3733 2677 3005 2580 
20 2393 2397 2150 2674 2232 2937 2883 2314 2351 2350 
Blm1ks indicate incorrect responses 
D.7 
Appendix D 
Symbol Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Training 67 Training 68 Training 69 Training 70 Training 71 Training 72 Transfer 1 Transfer 2 Transfer 3 Transfer 4 Transfer 5 
1 1646 1527 1056 1059 1062 1221 1178 1424 1033 4465 1624 
2 1183 1527 1468 1469 1510 1429 1487 2158 1957 1633 1956 
3 977 1141 1099 1119 1182 1665 1464 1215 1863 
4 2190 1400 1719 1536 1761 2593 3159 2771 2592 2173 2207 
5 1422 2395 1375 1788 1218 1303 4136 1283 2716 1929 1545 
6 5231 1749 1993 1746 1585 3364 1468 3245 2316 2560 
7 2152 1384 1218 4180 2878 1708 1825 2651 1789 1665 1627 
8 3164 1418 2152 1422 2596 3370 4423 4981 2031 2506 2232 
9 1703 2113 2027 1788 1708 1137 3043 2231 1684 2837 1867 
10 1869 1587 1379 1849 1379 1542 1397 2110 1989 3242 1583 
11 1422 1081 1504 1338 1684 1989 1304 1017 2073 1545 
12 1461 1382 1581 1425 1618 1221 4462 2553 1339 1586 1951 
13 1444 2394 1261 1582 1219 1788 1664 1930 3816 1463 1884 
14 1344 1236 1384 1218 1262 1263 1912 1706 1320 1480 1317 
15 1100 1340 1263 1991 1340 1081 4136 1384 1455 1301 897 
16 1586 1140 1421 3308 1361 1502 1703 1829 2035 1221 3366 
17 2274 2315 2317 3483 3210 1992 3449 3127 1386 2114 3574 
18 1423 1199 1261 1628 2493 1139 2643 1501 2282 1624 1989 
1~ 2517 3534 3126 2316 1954 3204 1707 2679 2154 2236 2884 
20 2295 2534 2271 1?88 2556 2313 2611 4332 3565 4620 2833 
Blank.<> indicate incorrect re.\ponses 
D.8 
Appendix D 
Symbol Change Training and Transfer Phases Test Task Item Data (rns) 
Participant Transfer 6 Transfer 7 Tra•r~fer 8 Transfer 9 Transfer 11 Transfer 12 Transfer 13 Transfer 14 Transfer 15 Transfer 16 Transfer 17 
1 996 2762 1058 1386 1138 1•22 933 1180 1342 1301 1505 
2 1712 1548 1877 1758 1790 1305 1387 1407 1367 1384 1508 
3 938 1100 1057 1136 1016 1019 1098 1062 1523 1830 
4 2754 2309 4211 2795 2693 2188 2109 3081 2308 2028 2190 
5 2354 1991 1706 1587 1747 2313 1504 1588 1458 
6 2292 2148 1504 2249 2494 1950 1925 2699 1623 2110 1704 
7 2515 4301 1790 2066 1568 3162 2762 2719 2516 2916 1969 
8 2192 2274 2073 5227 2309 4298 3569 1985 2191 3495 3179 
9 1948 1705 1829 1746 1744 1989 2555 1496 1922 1375 1137 
10 1505 2640 1705 1627 1526 1504 1421 1308 3165 1966 1992 
1 1 1424 1884 1707 1304 1550 1343 1440 1318 1341 1464 1257 
12 1946 2637 1097 2049 1218 1787 1564 1422 1339 1217 1181 
13 1992 1948 1871 1415 1624 1950 2151 2556 1236 1462 1425 
14 1505 1478 1344 1419 1318 1345 1543 1441 1441 1625 2072 
15 1544 1261 1300 1243 1096 2004 1907 1182 1787 1581 2114 
16 3367 1867 2070 2281 1426 1220 1770 2272 1508 5709 1702 
17 1471 2045 1343 1627 4020 3491 2399 1992 3040 3673 
18 1766 1418 1749 2597 1791 2273 2641 1402 1507 2559 
19 3771 2274 1984 1828 1669 1628 1626 1952 1951 1628 1970 
20 3201 2674 3227 3201 2814 4820 2675 4862 2515 3080 3685 
Blanks indicate incorrect responses 
0.9 
Appendix D 
Symbol Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Transfer 18 Transfer 19 Transfer 20 Transfer 21 Transfer 22 Transfer 23 Transfer 24 Transfer 25 Transfer 26 Transfer 27 Transfer 28 
1 12t9 1628 t016 1990 1257 1057 1992 1144 855 816 897 
2 1571 1302 1345 1387 1670 1469 1712 1467 1386 1345 1507 
3 1121 1010 1058 958 1060 1178 1041 978 979 1137 1300 
4 2230 2111 3353 2554 2753 2029 2802 2350 2431 3364 2554 
5 3404 1949 2968 1666 1667 1545 1460 1768 1606 
6 2311 1585 1664 2233 1457 1949 1504 1706 1788 2802 1581 
7 2027 1827 1951 1506 3489 1952 1710 1523 2015 1380 1260 
8 4580 2635 1750 2796 2410 2555 306:" 2274 3609 1547 3647 
9 2109 3441 2153 2030 3086 1261 1641 1466 2232 1888 1627 
10 1845 1341 1706 1586 2596 1783 1545 2679 1499 1667 1421 
11 1100 1299 1061 1239 1256 1625 1583 2332 1871 
12 1337 1238 2232 3608 2209 1219 1625 1219 1339 1586 1180 
13 1420 1504 1580 2475 1605 1669 2313 1341 1547 1743 1338 
14 1419 2150 1625 1543 1423 2115 1585 1478 1703 1361 1302 
15 2514 1402 2169 1344 1948 1341 1304 1061 2637 1137 1505 
16 2195 1216 2072 1505 3697 1384 1384 1587 1869 2074 
17 2924 2194 4379 2922 3575 2397 2232 1830 1829 1808 
18 1260 1668 1231 2191 1869 1829 1664 2559 5881 3774 1545 
19 2072 2151 1587 2075 1340 1709 2396 1466 2398 1951 2963 
20 2632 2995 3648 2232 3079 2591 2430 2553 2774 4986 
Blanks indicate incorrect responses 
D.!O 
Appendix D 
Symbol Change Training and Transfer Phases Test Task Item Data (rns) 
Participant Transfer 29 Transfer 30 Transfer 31 Transfer 32 Transfer 33 Transfer 34 Transfer 35 Transfer 36 Transfer 37 Transfer 38 Transfer 39 
1 977 1098 998 1298 1181 1790 976 1789 1056 1749 1848 
2 1447 1225 1587 1509 1262 1874 2392 1590 1752 2052 1690 
3 1060 1100 957 1380 898 1099 1018 998 976 1239 896 
4 2837 3276 2391 2170 2553 2065 2195 2384 1991 1661 1786 
5 1867 1542 1708 1628 1503 1627 2356 2601 1136 2328 1384 
6 1303 1626 1747 6141 2153 2758 1728 1792 2754 1607 1340 
7 1829 2152 1545 1383 1707 1447 1502 1730 2311 3569 1301 
8 1849 2031 1746 1787 1548 1705 2678 2353 3489 1708 1463 
9 2152 1627 1829 1543 1988 1710 1384 1256 1909 2029 1783 
10 2475 3039 1381 1424 1827 1584 1421 1420 1381 1380 
11 1540 1663 2475 1789 1989 1499 1868 1462 1220 1830 1216 
12 1385 1379 1665 2190 2029 1564 1502 914 1909 2599 1218 
13 1421 1540 2154 2027 4418 1465 1302 1948 1379 2192 1121 
14 1502 1625 1625 1582 1502 1949 1463 1579 1462 2112 1850 
15 1618 1137 3247 1460 1142 1296 1465 1303 2556 1139 1302 
16 1258 1061 3269 2965 1380 3286 1301 1358 2072 1261 
17 2723 3894 1667 2274 3289 4059 2435 3937 3857 1545 
18 2802 2050 2438 2574 5030 1421 3650 1626 2941 2473 11028 
19 1586 1668 1671 1749 1748 1520 1423 1589 1302 1258 1379 
20 2229 4046 3283 2392 2109 2514 2388 1844 2511 2005 3386 
Blankr indicate incorrect responses 
D.ll 
Appendix D 
Symbol Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Transfer 40 Transfer 41 Transfer 42 Transfer 43 Transfer 44 Transfer 45 Transfer 46 Transfer 47 Transfer 48 Transfer 49 Transfer 50 
1 1058 1181 1138 1383 1382 1218 2315 1238 2396 1220 1120 
2 1346 1426 1427 1265 1h~5 2078 1548 2190 1608 1509 1568 
3 1246 1020 939 893 935 1180 1017 1303 
4 2798 1826 3118 3926 1903 3453 2029 2107 2189 2269 3566 
5 1785 1789 4301 2616 1220 2722 1257 1399 1220 1743 1220 
6 1588 1261 1343 1909 2476 2474 1302 1263 1220 1424 
7 4539 1710 3448 1726 2354 1302 1780 1323 1624 2151 1221 
8 2353 1950 4178 2127 2153 1991 1685 1945 4539 1749 2355 
9 1259 2369 1502 1506 1744 1358 1585 1651 2370 1425 1419 
10 1299 1705 146.2 1421 1401 1260 1259 1584 1607 2309 1140 
11 1260 1484 1540 1462 1181 1420 1341 1508 1257 2397 1984 
12 1804 1178 1828 2738 1767 1124 1743 1340 3266 2801 1724 
13 2594 1381 2133 1340 1667 1421 1380 1362 1751 2071 1502 
14 1727 1360 1503 1433 1709 1342 1504 1502 1748 2109 1259 
15 1503 1501 1260 1381 1101 1401 2110 1749 1485 1078 2194 
16 3166 2476 2555 4052 1383 1341 2560 1502 1C69 1342 1506 
17 1992 1972 2274 1343 2074 2520 2600 1647 2194 1505 1749 
18 1627 2883 3289 1462 1587 5356 1587 1414 1752 
19 1301 1790 1545 3348 1624 1467 1300 1418 2312 1464 3489 
20 2108 4433 2430 2072 3160 2598 5589 2287 2839 2150 2069 
Blanks indicate incorrect responses 
0.12 
Appendix D 
Symbol Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Transfer 51 Transfer 52 Transfer 53 Transfer 54 Transfer 55 Transfer 56 Transfer 57 Transfer 58 Transfer 59 Transfer 60 Transfer 61 
1 2233 1440 1486 1462 1141 1099 1362 1505 1157 1302 1400 
2 1304 1323 1264 1183 1184 1225 1224 1630 1305 1426 1245 
3 1156 914 977 977 995 1058 1098 1222 1385 982 897 
4 1984 2030 2189 2962 3807 2999 2591 2533 2151 4168 3610 
5 1625 1907 1282 1949 1587 1503 1280 1340 2555 3226 1461 
6 1870 1561 1281 1481 2313 2175 1382 1198 1382 1346 3160 
7 1747 3286 3123 1624 1422 1299 2925 1374 1421 1564 1343 
8 2068 1990 1686 2354 1867 2371 2030 4056 2843 2557 1708 
9 1506 1620 1746 1998 1173 1704 1502 1175 1260 1582 1537 
10 1538 1647 1340 1280 1381 1340 1258 1402 1662 1419 1379 
11 1587 1463 1342 1705 1627 1788 1705 1380 1705 1631 
12 1710 1176 2108 4095 1259 1320 2191 1623 2032 1607 6810 
13 1925 1670 1257 1711 1867 1498 1343 1585 1707 1179 1258 
14 1464 1261 1261 1339 1522 1605 1745 1825 1464 1664 1706 
15 974 919 939 1340 3203 1060 1120 1907 4093 1177 1507 
16 1261 1871 1623 1587 1666 2718 1057 1383 1145 2050 
17 1824 2698 1788 1506 1707 2113 3370 1382 8267 2436 
18 1445 1443 2395 1647 1661 1968 2680 1859 1385 3127 1673 
19 1343 1546 2394 1383 1268 1587 1548 1911 1546 2151 1688 
20 2205 2232 2192 2396 1860 3036 1967 3119 1929 2154 1986 
Blank<; indicate incorrect responses 
D.l3 
Appendix D 
Symbol Change Training and Transfer Phases Test Task Item Data (ms) 
Participant Transfer 62 Transfer 6$ Transfer 64 Transfer 65 Transfer 66 Transfer 67 Transfer 68 Transfer 69 Transfer 70 Transfer 71 Transfer 72 
1 1101 1220 979 1162 1219 1139 1038 1482 1218 1379 1220 
2 1143 1304 1384 1224 1061 2968 1143 2663 1224 1263 1224 
3 1016 1021 1035 978 976 976 854 1056 2071 1624 
4 2993 2860 4171 2672 2308 3948 2874 2332 2430 4294 3243 
5 1340 1380 1139 1625 1605 1096 1182 1221 1259 1625 1952 
6 1275 1299 1382 1399 1343 1463 1583 1644 1142 1379 1910 
7 1338 1218 1379 1259 1220 2353 1630 1825 1870 1422 1781 
8 2496 2090 4257 1909 1788 2393 2961 1505 1787 1627 1706 
9 2354 1644 1256 1868 1421 1829 2151 1484 3086 2027 1747 
10 1361 1343 1622 1299 1336 1499 1501 1564 1544 1625 1381 
11 1341 1040 1865 1502 1281 1424 1462 2272 1708 3165 1539 
12 1580 2068 1298 1585 1420 1201 1461 1610 1902 1100 1239 
13 1257 1811 1560 1343 2512 1442 1710 2010 1299 1382 1263 
14 1505 1420 1745 1298 1321 1217 1422 1537 1627 1363 1344 
15 1536 5637 1218 1362 1182 1381 1142 3610 1645 1743 1156 
16 1259 1257 2232 1126 1587 1101 2882 1460 1871 1263 1200 
17 1563 1928 1951 1224 2151 1303 1260 1626 3043 1506 1506 
18 1465 1506 2276 2230 3085 1260 1545 1222 1509 
19 1667 1789 2802 1346 2194 1379 1469 1626 1583 1547 4301 
20 2632 3240 2149 1966 3442 2268 3197 2919 3605 3056 1826 
Blank<; indicate incorrect responses 
E. I 
AppendixE 
Operand Change Distractor Task Items Data (ms) 
Participant Transfer 1 Transfer 2 Transfer 3 Transfer 4 Transfer 5 Transfer 6 Transfer 7 Transfer 8 Transfer 9 Transfer 10 Transfer 11 
1 2404 1852 2176 2282 1690 2240 1958 2364 1975 3179 1816 
2 2848 1706 1544 1421 1870 1341 1424 1144 1827 1342 1728 
3 3009 3215 2403 3665 2279 1937 2099 1610 2644 3171 2239 
4 2758 3304 2560 1950 3165 3246 1625 6810 2113 1966 1588 
5 2726 1994 2823 5644 3289 1591 2283 2257 1226 1629 1917 
6 1627 1271 1422 2280 1348 3376 1917 1265 1407 1508 
7 2870 1793 1530 1714 8546 2381 1714 2241 2081 2481 1752 
8 2199 2892 2203 2037 1914 1997 1795 2685 2361 1794 1953 
9 2111 1098 1186 1421 1310 1437 1830 1988 2275 2958 1666 
10 1424 2780 1792 1425 1707 1342 1622 1624 1199 1015 1545 
11 1627 3412 1912 62SO 1909 1871 3167 1630 2819 3897 1869 
12 1389 1830 1584 1663 1464 1504 1482 1903 1423 1664 2271 
13 813 976 1302 856 916 817 815 1021 854 815 
14 1546 1788 1318 1418 1506 1341 1281 1632 1296 2275 2493 
15 3691 2273 1991 1545 1587 1467 2803 1908 1546 1423 1541 
16 2195 1710 2112 2856 1993 2231 1705 1705 1020 1142 2435 
17 1788 1582 2477 2599 1827 i263 1671 1860 1382 1627 2071 
18 1959 2311 3812 1663 1504 3120 1794 1664 1545 1748 1625 
19 1665 1097 977 976 937 1058 898 1055 1488 1180 1281 
20 2558 2886 2113 1708 1911 1708 2197 1785 1503 1912 1948 
Blanks indicate incorrect responses 
E.2 
Appendix E 
Operand Change Distractor Task Items Data (ms) 
Participant Transfer 12 Transfer 13 Transfer 14 Transfer 15 Transfer 16 Transfer 17 Transfer 18 Transfer 19 Transfer 20 Transfer 21 Transfer 22 
1 3176 3621 2646 2200 4918 1876 2162 3903 2725 2038 
2 1343 1792 1629 1260 1297 1386 2009 1220 1220 1541 1302 
3 2158 1878 2850 2727 3215 1977 1974 2281 3902 2321 3297 
4 1991 1625 3289 1788 1689 3087 1668 1504 4585 1259 1626 
5 1308 2154 2155 1751 1838 1752 1856 1267 2828 2402 1998 
6 1994 1589 3942 1831 1427 1240 2135 1464 1468 1385 2116 
7 2037 1652 1386 1432 1347 1774 1512 1593 2501 1956 1426 
8 1757 1996 1831 3536 1832 1971 2522 2037 1913 1897 1958 
9 1912 2028 2315 1505 1264 1501 1300 1608 1263 1140 2478 
10 1669 1183 1146 1174 1344 1098 1305 938 1642 1260 1340 
11 3169 4969 3212 1544 2562 2308 1914 2599 1538 1302 2031 
12 1462 1584 1624 1647 1462 1463 1257 1543 1324 1279 1096 
13 734 833 1210 728 775 855 815 856 775 976 
14 1303 1220 1304 1062 2072 1726 1261 1546 1341 2762 1627 
15 1464 2111 1873 1544 1644 2031 3248 1872 1825 1748 2191 
16 4462 1658 2436 1987 1586 1706 2039 1619 1768 1505 2031 
17 1666 1463 2055 1931 1861 1705 2917 1725 1462 1463 
18 1727 1203 1383 1667 1425 1464 1548 1625 1359 1670 1951 
19 976 977 934 1465 1177 1075 1019 1096 1337 1097 
20 1708 1646 1542 1668 1833 1987 1702 1708 2319 1704 2271 
Blanks indicate incorrect responses 
E.3 
Appendix E 
Opemnd Change Distractor Task Items Data (ms) 
Participant Transfer 23 Transfer 24 Transfer 25 Transfer 26 Transfer 27 Transfer 28 Transfer 29 Transfer 30 Transfer 31 Transfer 32 Transfer 33 
1 1872 2868 1879 2608 2686 1833 3965 2487 2241 2281 3620 
2 1465 2315 1504 1608 1177 1302 1020 1626 1219 1C88 1187 
3 2564 1 !116 2281 2524 1875 2139 1998 1917 2200 2017 2320 
4 1670 1588 1873 1300 5067 1992 1465 2923 1787 1401 1261 
5 2481 1186 2078 1753 1874 2688 1226 1185 1631 1305 1631 
6 1793 1347 4269 1185 2119 1065 3557 1305 1244 2158 2623 
7 1508 1428 1388 1691 1306 2119 2199 1391 2765 1265 1265 
8 1838 1808 2159 1973 2000 2077 1917 1953 2198 2442 2386 
9 1544 1629 1225 2925 3288 1345 1806 1181 1177 
10 1140 1385 978 1182 1060 1135 1261 1143 1385 1063 1299 
11 1710 1544 1159 1139 1261 1382 1874 1829 1161 3632 1382 
12 1058 1139 1747 1381 1560 1340 1222 1464 1429 1640 3640 
13 735 1197 817 935 1060 995 856 
14 1180 3569 2739 1423 1465 1504 1628 1138 1421 1665 
15 1746 1748 1424 1426 1546 1505 1524 1667 1709 1711 3328 
16 3526 1423 1423 1422 1552 2682 1682 2032 2436 
17 1383 3163 2215 1380 1545 1992 1870 1826 3650 1299 2197 
18 2313 1463 1667 2163 2575 1586 1948 2231 1686 1467 1790 
19 1219 1058 977 1157 1180 936 1059 1342 1040 1099 1180 
20 1546 3249 1646 1730 2497 1359 1791 1628 1873 1992 1949 
Blanks indicate incorrect re.\ponses 
E.4 
Appendix E 
Operand Change Distractor Task Items Data (ms) 
Participant Transfer 34 Transfer 35 Transfer 36 Transfer 37 Transfer 38 Transfer 39 Transfer 40 Transfer 41 Transfer 42 Transfer 43 Transfer 44 
1 1795 2649 3784 2036 3015 2690 2723 1830 2162 3539 3536 
2 1295 1148 1136 1382 1343 1220 12€1 2053 1017 1890 2071 
3 1834 2565 2161 1855 2160 2322 2281 2503 2645 4064 1871 
4 1261 1906 3651 1465 1383 2251 4785 1951 2399 1380 1629 
5 2116 1366 1995 1188 1992 2060 1956 1386 2037 2161 2645 
6 2588 1608 1673 1958 1265 1347 1488 1266 1103 1022 
7 1546 1347 1185 1225 1283 1386 1552 1387 1388 1468 1471 
8 1958 1749 1999 1833 1915 2240 1930 1835 2157 2056 2216 
9 1426 1586 1506 1827 2189 1384 1143 1342 1549 
10 1037 1342 1222 1179 1120 1142 1055 1036 
11 1506 1423 2295 1548 1993 4342 1951 1303 2115 1546 2844 
12 1548 1461 1179 1040 1423 1381 1459 1462 1260 1228 1220 
13 1018 898 897 899 813 977 672 814 930 856 776 
14 1425 1302 1221 1221 1100 1299 1179 1630 2028 1545 1605 
15 1503 1868 1786 13~4 1752 1740 1866 1671 1610 1684 1344 
16 2719 1706 1223 1546 1160 2193 1099 1300 1564 1222 1017 
17 1743 1384 1504 1140 1507 1722 1545 1874 1342 2437 
18 1871 1484 1910 1707 2031 1588 1871 2274 1420 1465 1499 
19 1179 938 856 855 936 1180 936 977 815 1058 900 
20 1952 2013 1586 1830 1833 1807 1791 1707 1954 3229 2316 
Blanks indicate incorrect responses 
E.5 
Appendix E 
Operand Change DistractorTask Items Data (ms) 
Participant Transfer 45 Transfer 46 Transfer 47 Transfer 48 Transfer 49 Transfer 50 Transfer 51 Transfer 52 Transfer 53 Transfer 54 Transfer 55 
1 2930 1811 1713 2240 2282 1955 2237 1753 1998 1955 2403 
2 1342 1382 1501 1138 1181 1061 1282 1301 1507 1300 1141 
3 1913 2530 2702 2402 2179 2611 1569 1730 2153 2484 5241 
4 1217 1706 1706 1992 1706 2436 2111 1748 1585 1997 2067 
5 1957 1853 4472 2117 2118 3983 1713 2243 2360 1957 2159 
6 1017 1305 1611 3129 1124 987 1102 1833 1184 1204 
7 1754 1956 1346 1429 1367 1427 2564 1632 2523 1310 1548 
8 1957 1998 2642 1917 1874 1837 1875 1829 2887 1816 1753 
9 1792 1385 2071 1383 2197 1953 1747 1912 1305 
10 1667 1384 1097 1059 1222 1219 1342 1788 1342 1260 1196 
11 1624 1424 1222 1304 2072 1466 1264 4217 2317 1587 1587 
12 1403 1301 1261 2051 1220 1747 1874 2475 1217 1522 1668 
13 770 736 815 775 735 1990 817 933 816 
14 2194 1586 1464 2151 1954 1789 2515 1345 3408 1140 1301 
15 2233 1443 1589 1526 1746 3367 1585 1342 3448 1789 1505 
16 1217 1139 3002 1423 1984 106~, 1321 1140 1749 1054 1463 
17 1421 1466 1505 2598 1550 1417 1465 1487 1342 1342 1445 
18 1702 1183 1217 1344 1344 1180 1484 1344 1463 3210 1909 
19 1023 1052 940 1016 816 815 1094 976 1102 899 852 
20 2071 1792 2454 1790 2298 1648 1789 1827 1465 1338 1873 
Blanks indicate incorrect responses 
-E.6 
Appendix E 
Operand Change Distractor Task Items Data (ms) 
Participant Transfer 56 Transfer 57 Transfer 58 Transfer 59 Transfer 60 Transfer 61 Transfer 62 Transfer 63 Transfc.--\:)1:, Transfer 65 Transfer 66 
1 2080 2282 1692 1912 1953 1732 1693 1631 2404 2729 2056 
2 1509 1340 1545 1140 2479 1197 1298 1200 1262 1364 1181 
3 1712 2525 1710 2485 1591 2566 4895 1992 1998 2118 2180 
4 2351 1547 2719 2193 1990 2878 5919 2638 3248 1827 2148 
5 1996 3983 1914 3699 2119 1874 2645 1794 1750 1875 1872 
6 1264 1793 1227 1266 1102 2442 982 1162 1590 1181 1851 
7 1470 1631 1633 1595 1711 1607 1551 1957 1835 1266 1082 
8 2158 1753 2162 1715 1709 1770 1629 1710 1674 1503 1709 
9 1769 1546 1320 1664 1384 2196 1383 1609 1400 
10 1746 1728 1808 1466 1099 1240 1951 3079 1224 
11 1870 2113 1383 1786 1183 1591 1586 1831 2479 1992 2195 
12 1872 1705 1137 1180 1422 1819 1481 1098 1380 2272 1301 
13 978 715 G73 773 1180 1019 834 818 718 
14 1668 1668 1831 1466 1384 1301 1548 1299 1180 1384 1585 
15 2095 1831 1665 1388 1342 1565 1387 3166 1752 1828 1666 
16 2275 2530 1280 1379 1502 1866 1239 1177 1585 1320 860 
17 1628 1564 2114 1219 1707 1502 2860 1424 1220 1546 2198 
18 2270 1143 1771 1501 3211 1685 1667 1585 3044 1380 2925 
19 1100 814 1187 1051 915 818 978 1383 1058 895 1058 
20 1500 1605 2151 1505 1464 1543 2358 3127 1585 1872 1666 
Blanks indicate incorrect responses 
• 
E.7 
Appendix E 
Operand Change Dis tractor Task Items Data (ms) 
Participant Transfer 67 Transfer 68 Transfer 69 Transfer 70 Transfer 71 Transfer 72 
1 1632 2444 2361 1672 1793 1793 
2 1464 2195 1507 1343 2643 1521 
3 2464 2157 2401 3823 2322 3254 
4 3688 1544 1993 2513 2114 2398 
5 1879 2606 1854 2036 2989 1630 
6 942 1347 1062 1265 1146 1789 
7 1347 1387 1916 1713 2200 1467 
8 1507 1548 1468 1448 1468 1953 
9 1164 2720 1908 1142 2761 
10 2031 1103 1668 1184 1263 1670 
11 1707 2297 1990 1363 1754 
12 1056 1098 1830 1096 1220 1096 
13 733 771 826 735 815 771 
14 1448 1701 1385 1583 1669 1604 
15 1423 1868 6061 2031 2762 1989 
16 2251 2112 2072 2358 1180 3452 
17 1263 1299 3693 1296 1870 1667 
18 2235 1911 1892 1543 1464 1342 
19 862 1140 1018 976 978 940 
20 ~255 1625 1465 1750 1706 1382 
Blanks indicate incorrect responses 
F.2 
Appendix F 
Operand Reversal Distractor Task Items Data (ms) 
Participant Transfer 1 Transfer 2 Transfer 3 Transfer 4 Transfer 5 Transfer 6 Transfer 7 Transfer 8 Transfer 9 Transfer 10 Transfer 11 
1 2075 1590 2120 2073 2824 2354 2883 1749 2055 2295 1830 
2 1770 2344 1446 1366 3078 5348 1283 1772 1128 1444 1290 
3 2394 1345 3289 2134 1308 2155 1827 2339 2514 3735 1994 
4 1750 1503 1786 1505 1545 1668 1627 1726 1906 1688 2843 
5 1811 1712 2437 3689 2558 2194 2600 2194 2879 1627 3490 
6 2835 1953 1746 1462 1827 1707 2762 1828 1503 1625 1543 
7 1305 1582 1096 3810 1541 2397 3529 3368 1867 1911 2800 
8 1903 2456 1829 2842 1546 1748 2393 3424 2801 1382 2107 
9 3485 3568 1585 2653 1341 2717 1907 1506 1182 3693 1950 
10 1115 1219 1136 1017 1059 1096 976 942 1220 1096 938 
11 1223 1341 1501 1421 1503 1703 1180 1099 1382 1221 1664 
12 2356 1525 2559 1301 1460 2479 1221 1745 1906 1257 1222 
13 1710 1948 1546 1725 1423 1307 1260 1464 2088 1830 1501 
14 1199 1146 1141 1425 1016 1624 1018 1382 1301 1949 1546 
15 1502 1383 1180 1705 1345 1220 1178 1221 2393 1402 2518 
16 1790 1625 1196 3732 2071 3285 1769 3004 2387 1260 2519 
17 1304 1506 1705 1300 1787 1362 2400 2314 1217 1099 1141 
18 1403 1543 1061 1302 1765 1423 1100 1545 1850 1929 1585 
19 1383 1830 1870 1990 3650 2155 3023 1970 2031 1506 
20 2156 1180 1036 1100 1222 1139 1463 1137 1061 979 1101 
Blank,<; indicate incorrect responses 
F.2 
Appendix F 
Operand Reversal Distractor Task Items Data (ms) 
Participant Transfer 12 Transfer 13 Transfer 14 Transfer 15 Transfer 16 Transfer 17 Transfer 18 Transfer 19 Transfer 20 Transfer 21 Transfer 22 
1 1954 2560 2239 1831 1466 1830 2804 1464 1465 4488 2684 
2 1284 1368 1046 2830 1290 1284 1286 2028 1126 1370 1370 
3 1219 1869 1629 1994 3611 2237 1380 3005 1588 1892 2641 
4 1894 1223 1259 1627 1260 1385 1527 1768 1501 1794 1624 
5 2356 1505 1504 1912 1752 1889 2701 2072 1914 3727 3610 
6 1221 1747 1947 1179 1787 1587 1703 1906 1343 
7 1868 1378 1703 3002 1865 1868 1623 1584 1992 2217 
8 2476 1626 1626 1828 1508 4583 1447 1318 1463 1547 1687 
9 1749 1543 2963 1468 2476 1303 1877 1724 1301 1341 2717 
10 931 937 1421 1501 1058 1384 978 1118 895 935 1260 
11 1261 1908 1584 1464 1870 1278 1464 2195 1280 1262 1141 
12 1828 1300 1684 1341 1507 1423 1911 1871 1462 1440 2071 
13 2112 1421 1625 1781 14€'4 1504 1668 1118 1306 1496 1705 
14 1643 1361 1140 1060 1181 1059 1016 1301 2116 1015 1340 
15 2358 1319 1864 1260 1383 1220 1120 1500 1382 1194 1156 
16 1670 2251 2718 2716 2438 2032 2413 979 2216 
17 1664 1298 1730 2030 1790 1545 3774 1708 1626 1665 1303 
18 1626 1385 2235 1223 1178 1831 1179 1585 1018 1361 943 
19 1623 1842 1382 2417 1989 1829 2397 1422 2519 1667 
20 979 1019 1058 1060 2315 1427 1441 1221 1261 1872 1994 
Blanks indicate incorrect responses 
F.3 
Appendix F 
Operand Reversal Distractor Task Items Data (ms) 
Participant Transfer 23 Transfer 24 Transfer 25 Transfer 26 Transfer 2'1 Transfer 28 Transfer 29 Transfer 30 Transfer 31 Transfer 32 Transfer 33 
1 1993 1991 2114 1830 1466 2014 1425 1690 2232 3169 1140 
2 1290 1204 962 1046 1128 1210 1372 1370 1210 1164 
3 1751 1338 958 1171 4143 1466 1300 1381 1262 977 1220 
4 1665 1668 1624 1019 1912 1567 1099 1705 1503 2513 
5 2073 2498 2314 1704 1830 3291 5198 2556 1911 2636 2923 
6 2354 2129 2214 1706 1830 1963 1988 1810 1386 1505 
7 1340 4823 1461 1502 1767 1216 2354 1504 2151 1540 2801 
8 2515 1668 1666 2476 1950 1383 2723 1664 1873 1728 1298 
9 2152 2072 1586 1710 1664 2437 2068 1341 1788 1111 1318 
10 1016 1101 936 977 1138 894 1018 856 936 1383 1301 
11 1622 1119 1222 1196 1375 1181 1299 1137 1180 1504 
12 1425 2677 1380 1464 1951 1420 1360 1141 1343 2557 1463 
13 1461 1623 1300 1382 1143 1301 1504 1439 1200 1482 1625 
14 1058 1506 1179 1059 1464 972 900 1018 1544 1119 
15 1141 3693 1483 1300 1220 1563 1379 1238 1584 1293 1506 
16 1422 1417 1809 1707 2438 1584 1525 2396 3939 1218 1949 
17 1426 2031 1501 1423 1668 1871 1500 1710 2237 2434 1764 
18 1302 1687 1263 1500 1548 981 1060 979 1423 1302 1627 
19 1873 2096 1745 2115 2318 1912 1870 2358 2433 2195 
20 1181 1608 1060 1889 1221 1021 1054 1102 974 1344 938 
Blanks indicate incorrect responses 
-F.4 
Appendix F 
Operand Reversal Distractor Task Items Data (ms) 
Participant Transfer 35 Transfer 36 Transfer 37 Transfer 38 Transfer 39 Transfer 40 Transfer 41 Transfer 42 Transfer 43 Transfer 44 Transfer 45 
1 1707 1872 1468 1890 1429 2033 1873 1996 2439 2885 1892 
~ 1382 1372 2108 1124 1856 1052 2258 1042 1610 1130 1776 
3 1444 1181 1993 2821 1261 1198 2560 2841 3046 
4 1906 1139 1914 2226 1790 938 1374 1236 1179 1057 1586 
5 2314 2107 1769 2276 2033 1870 2477 2884 1789 2477 1715 
6 1262 1281 1223 1466 1423 1383 1669 1341 1384 1222 
7 1484 2067 1462 1262 2517 1823 1157 2092 1786 1211 1668 
8 1257 2561 1505 3649 1902 1302 1666 1262 1889 1701 1260 
9 2677 1262 1465 1870 1503 1547 1486 1909 2072 1197 1787 
10 1178 1061 1136 977 979 933 978 936 904 893 
11 1504 1299 1139 1543 1341 2803 1262 1182 1463 1378 1500 
12 1343 1907 1302 1218 1709 1627 1908 1274 2720 1750 1627 
13 1341 1383 1828 1397 1059 1705 1785 1501 1915 1520 1585 
14 1425 1099 1179 1264 1667 1122 1014 898 978 1159 1121 
15 1495 1342 1016 1140 1217 1425 1016 1304 1995 936 1425 
16 1501 1460 1544 1319 1708 1180 1994 1364 1707 1259 1358 
17 2317 1346 1865 1584 1180 1460 1442 1951 1302 1829 1545 
18 1508 1079 937 1344 1139 1063 1099 1~43 1100 978 1060 
19 1833 2235 1544 1953 2236 1747 2171 1633 1341 1623 1766 
20 1139 1100 897 937 1385 1100 940 1299 1059 1589 978 
Blanks indicate incorrect response . .;; 
-F.5 
Appendix F 
Operand Reversal Distractor Task Items Data (ms) 
Participant Transfer 46 Transfer 47 Transfer 48 Transfer 49 Transfer 50 Transfer 51 Transfer 52 Transfer 53 Transfer 54 Transfer 55 Transfer 56 
1 1829 2010 1912 2277 2156 1464 2315 2134 2237 1793 2726 
2 1448 1200 1124 1372 1208 1376 1290 1488 1776 1452 1208 
3 1568 949 897 1099 2362 1748 1181 2134 1951 1952 
4 1586 1426 1484 1185 1378 1100 1586 1303 1261 935 1099 
5 1952 1606 1546 2314 1507 2074 1466 3206 1790 4605 1789 
6 1401 1385 1444 2109 2036 2150 1588 1668 1382 1588 1877 
7 1708 1357 2294 1708 1748 1462 1381 1627 4865 1180 
8 1462 1180 1300 1872 2238 1543 1707 1279 1238 1261 1625 
9 1464 1260 1381 2074 1260 1463 1381 2681 2841 2881 2595 
10 838 1708 898 977 1054 980 976 898 816 1017 859 
11 1262 1382 1096 1323 1504 1344 1139 1219 1177 1261 1546 
12 1503 1912 1301 1362 2153 2513 1463 1508 1462 1242 1258 
13 1561 1259 1627 1382 3001 1238 1786 1705 1384 1542 1748 
14 1423 1424 939 1139 1349 1059 1707 999 978 1260 1020 
15 3448 937 1013 1344 1220 1220 1404 1342 1341 1199 1056 
16 1506 1322 1382 1119 1016 1180 1059 1525 1059 1465 1018 
17 1584 1788 2399 1989 1342 1584 1219 1971 1505 1461 1402 
18 1141 1019 1179 1021 939 857 1217 1061 1259 1222 1018 
19 1300 1099 1786 1379 1826 1424 1704 2354 2011 1547 
20 937 1505 1462 1100 898 1180 1947 1261 1626 1911 
Blanks indicate incorrect responses 
F.6 
Appendix F 
Operand Reversal Distractor Task Items Dab (ms) 
Participant Transfer 57 Transfer 58 Transfer 59 Transfer 60 Transfer 61 Transfer 62 Transfer 63 Transfer 64 Transfer 65 Transfer 66 Transfer 67 
1 2640 1998 2803 1912 2478 2316 2291 1181 1730 2030 
2 1372 1128 1320 1128 1452 1532 1290 1372 1370 1772 1212 
3 1844 3570 2796 3285 2311 2151 4138 1037 1076 1543 1403 
4 1343 1138 1180 1055 1384 1260 1261 1020 1744 1099 1505 
5 2014 1467 1545 1709 2395 1972 2353 3046 1587 ~362 3532 
6 1707 1547 1141 1730 1263 1103 1222 1585 1142 1139 1709 
7 1829 1828 1423 1625 1705 1790 1872 1114 1502 1470 1951 
8 1505 1422 1546 1280 1218 1219 1586 1345 1256 979 1423 
9 3328 1546 5001 2072 1747 2697 1379 1668 110G 1300 2236 
10 855 897 937 896 898 816 856 942 758 894 773 
11 1260 1725 1241 1202 1059 1260 1057 1018 1302 1220 1019 
12 1689 1467 1323 1297 2536 1548 1304 1508 1339 1792 
13 1462 1789 1625 1219 1242 1381 2559 1301 1582 1703 2312 
14 955 1260 899 1258 1532 1017 1182 1079 1220 1019 
15 1019 1426 977 1018 1182 971 1344 1259 1139 2031 1644 
16 1201 3207 1378 1021 1788 1383 1139 1305 1504 1140 1341 
17 1140 1666 1586 1588 1829 1991 1461 2354 2072 1261 1548 
18 980 937 1099 1017 1221 1423 1103 1014 1100 1062 1019 
19 1302 1219 1870 1176 1869 1664 1747 1298 1503 1748 
20 859 1302 1385 1401 1502 856 1998 1705 1101 1059 978 
Blank<> indicate incorrect responses 
F.7 
Appendix F 
Operand Reversal Distractor Task Items Data (ms) 
Participant Tl'i'l!nsfer 68 Transfer 69 Transfer 70 Transfer 71 Transfer 72 
1 1952 1427 1628 1955 1589 
2 1370 1606 1122 1376 1694 
3 3005 1665 3551 1301 999 
4 1398 1383 1444 1219 1180 
5 3208 1486 1342 1790 2928 
6 1220 1181 1833 1221 1182 
7 1259 1791 1665 2069 1135 
8 2437 1419 1994 2230 979 
9 1176 1562 3249 1705 1421 
10 1181 854 820 817 
11 1018 1058 1058 1222 1016 
12 1584 3205 2556 2797 1468 
13 1990 2031 1584 1586 1828 
14 980 1627 1059 1059 1101 
15 1018 1303 1140 1219 1648 
16 1099 1221 1334 2941 1264 
17 1543 1502 1567 2234 2213 
18 1142 979 955 899 1101 
19 1626 1460 1749 1223 1016 
20 978 901 1302 
Blanks indicate incorrect responses 
• 
G. I 
Appendix G 
Operation Change Distractor Task Items Data (ms) 
Participant Transfer 1 Transfer 2 Transfer 3 Transfer 4 Transfer 5 Transfer 6 n ansfer 7 Transfer 8 Transfer 9 Transfer 10 Transfer 11 
1 2563 2441 4165 1632 3661 2118 1676 1405 1552 1624 
2 6164 2927 3847 2677 8150 2514 2478 2274 2955 
3 3400 2041 2408 3364 2348 1805 1237 1659 2110 
4 6083 2433 3246 2759 2153 2637 2477 1908 2033 2413 2839 
5 5591 2839 2675 1989 2842 2531 2594 2495 3565 2354 2068 
6 2317 1483 1667 1383 1380 1504 2113 1707 1382 1749 2274 
7 3292 1887 1726 2562 1601 1423 1625 1588 1426 1425 1442 
8 2188 3486 3786 3204 2978 1805 3850 2882 2147 
9 2879 2434 1747 162'? 1565 1866 2069 3225 1945 2400 1820 
10 4659 3225 2106 2184 2430 2267 3527 2089 2066 1870 
11 4543 5108 1911 1968 1746 1908 1583 1383 1907 1602 2920 
12 6404 2249 4012 2272 1985 2232 2391 2195 1620 2029 
13 4256 4663 5594 3665 4012 2719 4171 2352 3084 2672 2433 
14 3308 8550 3139 2393 3686 3001 4252 3569 5955 3770 
15 4422 2641 3204 2965 1688 2273 2275 1910 2153 2761 1747 
16 4297 3970 1748 2273 1175 2191 1826 2090 1666 1784 1986 
17 5153 7078 3349 2473 2274 3366 3245 1869 1991 
18 5151 2314 4796 1461 4848 2032 3044 3286 2072 4989 1711 
19 5356 5152 1787 1631 2032 1547 2761 1625 2236 1503 1301 
20 4422 2553 2028 2190 1788 1828 3218 1704 2215 1905 1947 
Blank<; indicate incorrect responses 
G.2 
Appendix G 
Operation Change Distractor Task Items Data (ms) 
Participant Transfer 12 Transfer 13 Transfer 14 Transfer 15 Transfer 16 Transfer 17 Transfer 18 Transfer 19 Transfer 20 Transfer 21 Transfer 22 
1 2002 1914 2832 3288 1424 1326 2077 1391 1634 3742 1223 
2 3892 3207 2395 2032 2615 3041 4666 2394 3209 3693 2315 
3 1136 2759 1907 2043 3812 1782 1626 2111 1315 1237 
4 3293 1783 2030 1827 1505 2311 2234 1870 2920 1927 1709 
5 2518 2191 1949 2230 2348 2432 2556 2919 2877 1946 1990 
6 1461 1499 1544 1445 1548 1501 1300 1281 1505 1358 1461 
7 1445 1143 1261 1099 978 1304 1507 1141 973 1340 
8 1504 1868 1483 2813 1667 1891 1547 3245 2028 2151 
9 1949 1989 1463 2394 1384 1542 1298 1422 1867 1136 1097 
10 3346 1499 2392 2172 2375 4700 2396 1706 1666 1343 1462 
11 1381 3081 1258 1346 2494 3442 1505 2598 1517 2030 
12 1661 1867 2069 2314 1702 1705 1870 1787 1706 1584 
13 2922 1987 3852 2894 2595 2396 2413 2471 3015 2206 2191 
14 3729 4053 2635 4459 2735 2190 2635 2635 2779 2396 2192 
15 1505 1768 1506 1991 1303 1462 1631 1666 1464 1968 1502 
16 1826 2231 2151 1380 1560 1706 2761 3155 1220 2392 1261 
17 3670 2092 1949 7301 4867 2313 3190 3787 1729 2808 2415 
18 2152 1953 3409 2193 4828 1425 2274 3364 1506 
19 1587 2358 1400 1260 1866 1381 1426 2073 1219 1305 1341 
20 2757 1947 1888 1744 3566 3727 2514 1808 4175 1666 1824 
Blanks indicate incorrect responses 
-G.3 
Appendix G 
Operation Change Distractor Task Items Data (ms) 
Participant Transfer 23 Transfer 24 Transfer 25 Transfer 26 Transfer 27 Transfer 28 Transfer 29 Transfer 30 Transfer 31 Transfer 32 Transfer 33 
1 1513 1471 1997 1264 1471 2845 1427 1243 1752 1916 
2 1828 3448 3934 1666 3123 3123 3246 2719 2230 3085 
3 3041 1380 1459 2393 1060 1258 1140 2153 2838 1543 1580 
4 1870 1703 1539 1671 1951 1712 1684 1989 1624 1763 1547 
5 2067 2232 3256 2067 2472 1946 2110 2188 2111 2287 2129 
6 1215 1320 1419 1460 1339 1461 1379 1418 1179 1300 1058 
7 1261 1257 1708 1587 1200 1321 1297 1419 1463 1181 1420 
8 2515 1948 1623 1722 2758 2030 2312 1888 2401 1746 1746 
9 1666 1547 1297 1138 1259 1342 1416 1016 1299 1382 1420 
10 1425 1299 1541 2030 1949 1337 1420 1504 1340 1543 1426 
11 1404 3283 4011 1978 2030 2618 2026 1872 1991 1788 
12 1545 1380 2352 2194 1966 1789 1423 1461 1499 2272 2251 
13 1987 2834 2470 2112 4379 2872 2637 3323 2271 2109 3690 
14 2919 1979 2932 2686 2265 3850 2106 1705 3163 3971 2796 
15 1421 1584 2964 2395 3856 1422 3086 1379 4240 
16 2110 1381 1338 1747 1382 2314 1502 1623 1909 1950 
17 2478 2516 2694 3651 1627 3384 4867 2759 3570 1912 2144 
18 3207 2233 3574 1708 4787 3087 2393 1587 2637 4748 
19 1665 1342 2070 1201 3126 1790 1631 1178 2009 1137 1709 
20 1830 3041 2392 2759 2468 3002 1909 3362 1585 1870 2046 
Blank<; indicate incorrect responses 
G.4 
Appendix G 
Operation Change Distractor Task Items Data (ms) 
Participant Transfer 34 Transfer 35 Transfer 36 Transfer 37 Transfer 38 Transfer 39 Transfer 40 Transfer 41 Transfer 42 Transfer 43 Transfer 44 
1 1345 1265 1511 1649 1710 1246 1144 1630 1144 2034 1733 
2 2030 2841 2171 2439 3810 2962 2763 2635 1990 2277 2434 
3 1420 2514 1748 1260 1381 1662 1625 1624 1420 2754 2194 
4 1660 1950 1706 1505 1749 2271 1459 2312 1666 2900 2214 
5 2032 1863 2234 2269 2962 2516 3245 2109 2391 2552 2152 
6 1299 1335 1219 1060 2818 1218 1219 1438 1178 1946 1277 
7 1524 1303 1238 1869 1099 1420 1506 1465 1342 1484 1181 
8 3042 1805 1990 1625 2714 2393 1423 1707 2967 1783 
9 1546 1095 1237 1420 1340 1257 1258 1343 1345 1681 
10 1859 1258 1465 1706 1259 1260 1989 1457 1298 4093 1382 
11 2352 2997 2129 2224 1602 2635 4297 1343 1274 1990 
12 1585 1905 1907 2194 1824 1989 2277 1864 2151 2480 
13 1661 3121 2962 2394 2883 1828 3083 2085 2475 2676 2759 
14 2620 3239 5189 3403 4134 1946 4071 1786 1462 2672 2517 
15 1462 1827 1464 1669 1630 1465 2597 1546 2236 2154 2438 
16 2152 1706 1539 1351 1380 1589 3409 1498 1508 1260 2113 
17 2833 3245 4115 2234 1910 2848 4277 1882 1340 1302 2597 
18 2153 2965 1914 3819 1425 1911 3492 2375 2275 2722 
19 1826 1139 1058 1867 1261 1864 1342 1462 1467 1237 1506 
20 1991 1668 3040 4454 3323 1296 1463 2920 2191 
Blanks indicate incorrect responses 
G.5 
Appendix G 
Operation Change Distractor Task Items Data (ms) 
Participant Transfer 45 Transfer 46 Transfer 47 Transfer 48 Transfer 49 Transfer 50 Transfer 51 Transfer 52 Transfer 53 Transfer 54 Transfer 55 
1 1709 1594 1386 980 1449 1951 1326 1286 1309 1630 1673 
2 1587 1991 2833 1584 1869 2234 1951 2872 2675 2050 
3 1299 2111 1338 1503 1156 1095 2029 1340 1426 1221 1321 
4 1552 1951 1667 1622 1628 1949 1418 1745 1627 1709 2053 
5 2960 2343 1784 1705 2231 2961 2695 1908 2390 3142 
6 1178 1423 1337 1138 1462 1424 1176 1727 1197 1301 1381 
7 1464 1383 2110 1466 1668 1144 1505 1629 1403 1587 
8 2028 1342 1907 1706 2719 2150 1909 1908 1624 2232 2072 
9 1317 1386 1525 1461 1624 1115 1462 1787 1255 1305 1199 
10 2473 1263 1541 3126 1423 1668 1381 3322 1582 2315 
11 3042 1388 1381 2230 2314 1868 1130 2050 2715 
12 1829 2434 1621 3015 1667 2554 1564 2959 1950 2148 1458 
13 1750 2347 2150 2210 2030 2761 2229 2370 2270 2110 3364 
14 4541 2153 3044 2145 2309 3667 3161 4212 4599 3529 2354 
15 1463 1340 1543 1502 1754 1342 1602 2147 1379 1705 1343 
16 2065 1484 2961 1790 1592 2148 1443 2070 1505 1301 1707 
17 1989 2475 2192 1523 1545 2331 2311 1666 2191 
18 2149 1950 2212 3565 2032 1912 1624 1869 5434 3514 3856 
19 1223 1135 1180 1257 1264 1506 1133 1139 1344 1080 1178 
20 1423 1790 1622 2960 1748 1828 4095 2112 3200 1542 1785 
Blanks indicate incorrect responses 
G.6 
Appendix G 
Operation Change Distractor Task Items Data (ms) 
Participant Transfer 56 Transfer 57 Transfer 58 Transfer 59 Transfer 60 Transfer 61 Transfer 62 Transfer 63 Transfer 64 Transfer 65 Transfer 66 
1 1632 1835 2605 1508 1346 1508 1225 1492 1383 1389 1343 
2 2395 2194 2961 2274 1646 1604 2757 3289 1827 1645 2154 
3 1241 1340 1420 1582 1380 1379 1178 1949 1381 1340 1544 
4 2029 1750 1950 1704 2960 2009 1829 1380 1888 2716 
5 3486 3284 1823 1989 2390 2857 2555 2269 1869 2147 
6 1585 1417 1424 1141 1506 1584 1237 1178 1271 1141 1215 
7 1461 1345 1100 1223 1562 1259 1177 1505 1307 1135 1017 
8 2302 1909 2553 2022 1745 1641 1420 3586 2190 
9 1218 1424 1462 1336 1545 1506 1463 1259 1179 
10 1707 1403 1669 5144 2113 1215 1467 1462 1789 1156 1664 
11 1624 2393 1342 2963 2189 2111 2314 1255 1742 1504 1217 
12 2209 1541 1713 1344 2552 2027 1624 1947 1623 1705 
13 1666 1965 2091 3468 2149 1906 1683 1944 2635 1642 4460 
14 2763 2475 3728 1788 2147 2028 2268 3504 2310 3444 
15 1541 1645 1378 1545 1401 1345 1787 1258 1259 2274 
16 3043 2639 1341 1807 2637 1585 1749 3406 1646 1623 2676 
17 2594 2153 1503 1744 1765 1282 1500 1504 1826 1504 1627 
18 2268 2194 3003 4785 1!547 2032 3488 2998 2597 4706 5114 
19 1222 1590 1303 997 1177 1058 1381 1137 1102 2315 
20 1709 1908 1468 1822 1622 1418 1827 1320 
Blanks indicate incorrect responses 
G.7 
Appendix G 
Operation Change Distractor Task Items Data (ms) 
Participant Transfer 67 Transfer 68 Transfer 69 Transfer 70 Transfer 71 Transfer 72 
1 1226 3458 2359 1304 1430 1386 
2 2394 1581 1989 4220 2720 2476 
3 1215 1626 1094 1356 1670 
4 1338 2352 5132 2188 1789 1667 
5 2068 2267 1664 1826 1501 2190 
6 1184 1398 1359 1787 1583 1212 
7 2922 1099 1179 1298 1545 1504 
8 3204 1627 1704 2108 2579 1423 
9 1221 1421 1462 2028 1176 
10 1339 1466 1888 1623 1242 1547 
11 1606 2073 2353 2230 1542 2049 
12 1378 1380 1867 2233 1582 1544 
13 2112 2229 2839 2311 3446 
14 2836 2438 2203 4616 5166 2580 
15 2207 1579 1787 1726 1563 2415 
16 1526 4502 1710 1624 1924 2029 
17 1707 1545 1541 2685 3079 1546 
18 1990 1666 1421 30G4 3773 2110 
19 1261 1422 1180 1586 1018 1096 
20 2066 1746 1748 1744 2076 
Blanks indicate incorrect respon,'!es 
H.l 
Appendix H 
Symbol Change Distractor Task Items Data (ms) 
Participant Transfer 1 Transfer 2 Transfer 3 Transfer 4 Transfer 5 Transfer 6 Transfer 7 Transfer 8 Transfer 9 Transfer 10 Transfer 11 
1 2764 1426 1219 1829 1386 1503 976 1303 1341 1139 1829 
2 4092 2525 1631 2482 1650 1425 1507 1779 1913 3053 1607 
3 2392 1463 1625 1178 1988 1181 2593 3450 1542 
4 3529 4374 3604 2231 2711 1901 6557 3805 2834 3852 2676 
5 6440 3649 2800 1626 2073 3242 2188 3164 1868 
6 1682 2315 1990 3325 1627 4746 2925 
7 2738 1710 4013 1826 1868 2721 2473 2517 2277 2939 1991 
8 4818 3892 3282 2475 2475 2434 2838 2192 3163 3124 4053 
9 2921 3848 2717 1905 2918 1992 3969 1621 3122 1991 19.<1.-D 
10 3627 4582 1883 2070 2312 2029 5062 2553 1503 1989 
11 4624 1904 1703 2357 1830 2471 1442 1459 1623 1466 1865 
12 4504 4575 3082 2335 2308 3082 1789 9760 3264 3040 
13 2434 2439 1829 2070 1851 1986 1707 1706 1667 1747 2152 
14 1721 3328 1872 1647 1423 1584 1623 3933 2469 1478 
15 5574 2841 1548 1139 2314 1341 1944 1176 2153 1542 1380 
16 3449 2434 1868 3164 2211 2113 2856 3711 3367 3487 2110 
17 4781 1464 1927 2598 2635 3044 2475 2396 5961 
18 2363 1465 5844 243E 3204 1948 3896 1950 1502 1384 1912 
19 4868 3734 2882 2350 2113 2433 3448 2154 2155 2071 2355 
20 8683 3198 6363 9092 3889 4658 5266 3623 5746 3808 10287 
Blank. indicate incorrect re.\ponses 
H.2 
Appendix H 
Symbol Change Dis tractor Task Items Data (rns) 
Participant Transfer 12 Transfer 13 Transfer 14 Transfer 15 Transfer 16 Transfer 17 Transfer 18 Transfer 19 Transfer 20 Transfer 21 Transfer 22 
1 1180 1017 1667 934 1098 1097 2397 1180 1485 1237 1097 
2 2691 1791 1507 2036 1507 1834 1794 1224 1427 1426 
3 1748 2858 1579 1140 1176 1101 1341 1101 1865 
4 2832 2734 2329 2869 3608 4250 3197 3365 3034 2675 2997 
5 2516 2111 2232 2353 2617 2396 1767 1949 2151 2110 1747 
6 1907 1748 3492 3205 2579 1464 1704 6629 2980 
7 2229 2070 1830 1745 3729 2701 2900 1791 1465 1844 2921 
8 3852 3688 2879 2717 3947 3405 2432 4197 2717 2883 2797 
9 2354 2632 4823 2088 4662 2679 2178 3127 2191 3891 1988 
10 2678 1587 1503 2513 1867 1830 2026 1706 1503 2153 1665 
11 2191 1539 1665 1545 2229 1464 1338 2108 1744 
12 2370 2311 1870 1662 2229 1784 2069 2474 3488 2388 1438 
13 1502 1790 1706 2072 1872 1436 2026 2048 1870 1662 2776 
14 1663 1746 2479 1503 2636 2232 2433 3612 2479 
15 2594 1991 1095 3241 1201 2455 1627 3406 1258 1544 
16 3179 1544 5431 1867 4423 1380 2276 2271 1420 1623 
17 2273 4464 1424 2130 3650 1871 1908 1870 2152 1830 
18 1663 2116 1539 1490 1262 1872 1584 1591 1983 1989 1379 
19 1867 2517 3450 2392 2888 3325 1508 1625 1336 1382 2051 
20 2838 3644 4984 2429 2714 3486 4979 7613 3890 4171 
Blankli indicate incorrect responses 
H.3 
Appendix H 
Symbol Change Distractor Task Items Data (rns) 
Participant Transfer 23 Transfer 24 Transfer 25 Transfer 26 Transfer 27 Transfer 28 Transfer 29 Transfer 30 Transfer 31 Transfer 32 Transfer 33 
1 1178 1137 1626 1136 857 3168 1341 1805 2110 1300 1300 
2 1365 1791 2541 2808 2647 1549 2279 1675 3697 1895 2093 
3 2881 1422 1074 1221 1217 1160 1017 1098 1259 1181 1061 
4 2633 6803 3604 2962 2794 4576 3285 2913 3603 4049 3642 
5 1989 1401 2594 2755 2311 1828 1463 2310 1707 1541 
6 3978 4991 3003 3164 2232 3042 2843 3926 
7 1907 2029 1602 3729 1828 2434 1541 1708 2147 2072 2191 
8 3285 2474 3608 2636 3640 3810 3002 4194 2961 2512 1909 
9 2190 3159 2192 1784 2434 2598 3706 2859 2253 2251 
10 1987 1382 1462 1379 1603 1738 1623 1377 1585 1420 1829 
11 2597 2389 3934 3125 1377 1374 1606 1824 4339 2473 
12 1781 2005 2184 1946 2518 1742 2921 1521 1989 1502 2310 
13 1703 1461 1461 2356 2720 1704 1707 1989 1870 2325 2271 
14 2925 4054 1628 1832 3929 3022 3974 1747 1418 1506 2498 
15 1018 2270 3326 1183 2807 2617 1665 2924 4461 1548 
16 2596 1910 2208 3569 3872 2918 1466 1460 2718 1342 2720 
17 1627 1910 1509 1462 2719 2355 4139 1868 1725 5128 2231 
18 1421 2758 1727 1808 2188 2371 2110 1788 1804 2480 
19 3085 2150 1826 4301 1565 1932 2555 2070 1506 2031 3370 
20 5302 4032 2997 7431 2127 4209 2270 2892 3319 
Blanks indicate incorrect responses 
H.4 
Appendix H 
Symbol Change Distract or Task Items Data (ms) 
Participant Transfer 34 Transfer 35 Transfer 36 Transfer 37 Transfer 38 Transfer 39 Transfer 40 Transfer 41 Transfer 42 Transfer 43 Transfer 44 
1 1666 1014 1383 1423 1382 5824 1258 1338 1218 2519 
2 1346 1624 1261 1671 1305 1380 1588 1913 1831 1590 1467 
3 1155 1098 996 1383 1036 957 1014 976 875 
4 3401 2959 2961 3119 2995 2227 2391 3482 3968 5914 3661 
5 2639 2395 2638 2675 1809 1745 3365 2880 2331 1765 
6 3403 2377 1949 1864 2274 1969 1786 2477 1828 
7 1628 1583 3204 1949 4397 1985 1583 1220 2031 1320 2392 
8 2477 2353 3305 4377 3305 3041 2594 4415 2024 3208 2677 
9 2171 4669 2264 1435 2191 2354 1520 194J 2554 2759 2070 
10 1381 1463 1381 1297 1460 1582 1584 1376 2067 1257 1425 
11 1829 2557 2354 1528 1423 1364 1908 1744 1456 1789 1546 
12 1987 6518 2230 3042 4173 1885 3486 2274 
13 1669 1283 1563 1464 1378 1786 1889 1425 1786 1787 
14 1829 1460 2759 2313 1786 1584 1458 2195 1623 1906 1627 
15 1418 2514 1303 2597 1705 1546 1342 1016 i301 1261 1136 
16 1216 1381 6609 2395 1869 1422 1465 225l 2798 2151 
17 3328 2275 1908 2936 4279 1607 1285 1708 1519 3367 
18 1784 3403 1948 2761 2274 2330 2435 3129 
19 2332 2881 2639 1723 1748 3086 1606 1827 1464 1624 1707 
20 5876 6197 6157 4898 3723 2836 2349 3080 3159 1943 3000 
Blanks indicate incorrect responses 
H.5 
Appendix H 
S}mbol Change Distractor Task Items Data (ms) 
Participant Transfer 45 Trans'ler 46 Transfer 47 Transfer 48 Transfer 49 Transfer 50 Transfer 51 Transfer 52 Transfer 53 Transfer 54 Transfer 55 
1 1077 1990 1668 3082 1381 1585 1098 1140 1544 1321 1199 
2 1426 2219 1466 1713 1547 1629 1343 2298 1591 1343 1262 
~ 1122 993 977 1138 1240 1298 1180 1141 1039 1297 1300 
4 3646 3562 1962 2250 2227 4292 3644 4172 2326 4009 3484 
5 1989 1748 2111 1665 3851 2307 1217 1948 1868 1790 1665 
6 1706 2192 2233 2073 2861 1747 1583 1338 3890 1380 
7 2147 2921 2029 1705 2233 1253 1179 1298 1340 1587 2028 
8 4542 2759 1990 1722 2107 1951 1829 5352 3062 3020 4788 
9 2312 2871 3650 1751 1340 3004 2107 2635 2841 4421 3807 
10 1500 1318 2922 2125 1397 1465 1524 1579 1425 3892 1260 
11 2108 1463 1423 2112 1669 1460 2351 2107 3043 
12 1504 3682 2069 1380 3166 3001 1909 1748 2104 2919 2191 
13 1759 1748 2595 2637 1706 1908 2129 1380 1950 2921 1464 
14 1483 1300 1582 1581 1789 1502 2031 2514 1929 1582 1886 
15 896 1399 7056 1378 1299 3245 4826 5551 2108 1829 
16 1421 2642 2150 1508 1096 1966 1906 3044 3286 1259 
17 2314 2274 2776 1669 2558 1504 1665 1767 2598 2234 1871 
18 1502 1917 1272 4501 1422 1504 2756 2515 20-jC 2673 1997 
19 1445 1540 1509 1927 1946 1625 1544 1238 1384 1828 
20 2508 2477 2911 5651 2029 8138 5586 4731 3120 2309 2957 
Blank-';; indicate incorrect responses 
H.6 
Appendix H 
Symbol Change Dis tractor Task Items Data (ms) 
Participant Transfer 56 Transfer 57 Transfer 58 Transfer 59 Transfer 60 Transfer 61 Transfer 62 Transfer 63 Transfer 64 Transfer 65 Transfer 66 
1 2394 978 1095 1181 1116 901 773 1058 1300 1789 858 
2 2400 1426 1707 1587 1510 1301 1304 1265 1466 1344 1305 
3 896 1138 1095 2596 1317 897 1100 1970 1036 1383 
4 2269 2630 2792 2912 2958 5384 3969 3699 3077 4618 3038 
5 2192 1461 1504 1626 1626 1706 1419 1077 1898 
6 1322 2454 1302 1945 1523 1752 1620 1399 
7 3727 1258 1339 1506 1424 1296 1523 1587 1277 1545 1709 
8 1862 1723 1583 2413 1868 3407 2920 1928 3043 4373 2431 
9 3245 2575 1424 1828 1744 3788 1908 2796 2249 1542 2922 
10 1871 1827 1460 1545 1385 1379 1422 1702 1785 1561 1417 
11 1907 1664 3888 1869 1588 2167 1426 2027 1383 
12 2373 3884 2271 2071 3002 3002 2349 2351 
13 1627 1852 1666 2192 1382 1423 1564 1688 2~25 1707 
14 2071 2045 1784 1503 2513 1666 1908 1825 1424 1340 1545 
15 2029 2677 1665 3934 1743 2111 1868 2317 1628 2963 4338 
16 1298 1502 1255 2092 1828 1382 2475 1587 1139 1258 1560 
17 1260 1606 1748 1157 1544 1748 1908 1359 1669 1504 1342 
18 3203 2562 1427 1410 3851 1621 1546 2475 1992 4702 5677 
19 1586 1826 1830 2294 1443 1379 1747 2328 1586 2476 1908 
20 5060 1943 2509 4353 3447 2309 2635 2275 3764 4006 3927 
Blank<> indicate incorrect responses 
-H.7 
Appendix H 
Symbol Change Distractor Task Items Data (ms) 
Participant Transfer 67 Transfer 68 Transfer 69 Transfer 70 Transfer 71 Transfer 72 
1 2075 1054 1179 1139 2400 1298 
2 1405 1223 1417 1386 2317 1222 
3 1096 938 1138 1220 1021 
4 7287 3624 4860 3120 3324 2921 
5 2190 1988 2171 1300 3449 1584 
6 1381 1301 1540 1300 4684 
7 1420 2673 2230 1949 3204 3652 
8 4985 3262 1990 2152 2047 2151 
9 1729 1663 3974 1461 1667 3202 
10 1460 2229 1787 1666 2028 1499 
11 1621 1541 1661 1907 1547 
12 2752 2312 2838 1420 1992 
13 1808 1907 1827 1460 1178 2837 
14 1631 1558 1548 1544 1866 1802 
15 6042 1540 1745 1319 2557 2072 
16 1339 1058 1664 2291 1986 1221 
17 1787 2277 2029 1951 2278 
18 1668 4948 1986 4292 2352 
19 1785 2883 3085 2232 
20 2633 4251 2434 3243 3403 3489 
Blank<; indicate incorrect responses 
Appendix I 
Practice, Test. and Distractor Task Items 
Practice Task Items: 
5 X I 
5x4 
5 X 7 
Test Task Items: 
6x2 
6x7 
5 X 2 
5x5 
5x8 
6 X 3 
6x8 
Operand Change Dis tractor Task Items: 
2x3 2x4 
2x7 2x8 
3x2 3x4 
3x7 3 X 8 
4x2 4x3 
4x7 4x8 
7x2 7x3 
7x6 7x8 
8x2 8x3 
8x6 8x7 
9x2 9 X 3 
9x6 9x7 
Operand Reversal Distractor Task Items: 
2x6 3x6 
7x6 8x6 
Operation Change Distractor Task Items: 
6 X_= 12 
6 X =42 
6 X = 18 
6x =48 
Symbol Change Dis tractor Task Items: 
12+6 = 
42+6= 
18 +6 = 
48+6 = 
5x3 
5x6 
5x9 
6x4 
6x9 
2 X 6 
2x9 
3 X 6 
3 X 9 
4x6 
4x9 
7x4 
7x9 
8x4 
8x9 
9x4 
9x8 
4x6 
9x6 
6x =24 
6 X =54 
24+6= 
54+6= 
1.2 
